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Chaque année, plusieurs milliers de patients aux prises avec une maladie chronique 
terminale s’ajoutent à la liste d’attente pour une transplantation d’organe, espérant ainsi 
prolonger leur espérance de vie. Le plus souvent, le don d’organes survient suite au décès 
neurologique d’un donneur, une condition qui n’est pas sans conséquence sur la qualité des 
organes. Les traitements pharmacologiques visant à rétablir l’homéostasie et à protéger les 
organes à transplanter ont été majoritairement étudiés dans des études observationnelles, au 
début des années 80. Depuis, très peu d’essais randomisés ont évalué l’impact d’interventions 
chez des donneurs sur des issues cliniques chez des receveurs. Conséquemment, le bénéfice net 
des traitements pharmacologiques utilisés de routine chez les donneurs d’organes après décès 
neurologique demeure inconnu et la rationnelle physiopathologique supportant leur utilisation 
est questionnable. 
Cette thèse a pour visée de recenser les évidences supportant les traitements 
pharmacologiques employés pour la stabilité hémodynamique des donneurs d’organes après 
décès neurologique et de décrire le niveau d’évidence supportant leur usage. Nous visons 
également à identifier des cibles de recherche potentielles basées sur de nouvelles observations 
pathophysiologiques. Pour atteindre ces objectifs, nous avons dressé un large portrait de la prise 
en charge actuelle des donneurs après décès neurologique, ceci menant ensuite à l’exploration 
des perceptions des médecins intensivistes canadiens en regard de ces interventions. Nous avons 
également exploré la présentation clinique cardiaque des donneurs et nous avons identifié des 
barrières à la recherche clinique dans le domaine. Notre thèse a mené à 4 articles scientifiques.  
D’abord, nous avons démontré à l’aide d’une revue systématique des lignes directrices 
internationales sur la prise en charge des donneurs après décès neurologique que les 
recommandations actuelles sont incohérentes et que leur faible qualité méthodologique reflète 
la lenteur de l’émergence de la recherche dans le domaine. Ensuite, nous avons effectué un 
sondage national auprès de médecins des soins intensifs ayant de l’expérience dans la prise en 
charge des donneurs. Nous avons ainsi démontré que les perceptions de pratiques sont très 
variables au pays et avons attribué ces divergences d’opinions au manque de données probantes, 
et à la possible inexpérience relative des médecins face aux rares cas de don d’organes sur une 
 
2 
unité de soins intensifs. Notre troisième article a démontré que la dysfonction ventriculaire 
droite est fréquente après un décès neurologique, bien que la littérature actuelle ne mette 
l’emphase que sur la dysfonction ventriculaire gauche et ses conséquences. Nous émettons 
l’hypothèse que la description actuelle des conséquences hémodynamique du décès 
neurologique est incomplète et qu’une meilleure compréhension des mécanismes sous-jacents 
à la dysfonction ventriculaire droite permettrait d’identifier de nouvelles cibles thérapeutiques. 
Finalement, en s’appuyant sur nos observations, nous questionnons l’efficacité et la pertinence 
d’interventions pharmacologiques administrées de routine chez les donneurs telles que 
l’hormonothérapie de remplacement. Nous avons donc effectué un essai randomisé pilote visant 
à évaluer la faisabilité d’une étude multicentrique déterminante comparant la levothyroxine au 
placebo chez des donneurs potentiels. Cette étude pilote a démontré qu’une étude d’envergure 
était nécessaire afin d’évaluer le bénéfice de l’intervention et a permis d’identifier des barrières 
à la recherche spécifiques au domaine. Nous proposons que des activités de transfert de 
connaissances sur le niveau d’évidence supportant les interventions pharmacologiques actuelles 
soient implantées en préparation d’un essai randomisé contrôlé multicentrique.  
Cette thèse a permis de mettre en lumière la validité questionnable du traitement 
pharmacologique pour la prise en charge de l’instabilité hémodynamique des donneurs 
d’organes tel qu’il est utilisé présentement. Nous avons fait ressortir que le traitement actuel est 
historiquement basé sur des données de faible évidence. Nous suggérons que l’avenir de la 
recherche interventionnelle chez les donneurs d’organes repose sur la capacité des cliniciens et 
des chercheurs à reconnaitre les zones d’incertitude dans les connaissances actuelle et à accepter 
des changements dans leur pratique.  




Every year, thousands of chronically ill patients are added to the transplant list, in the 
hope of an organ transplant that could save their life. Most frequently, organ donation occurs 
following neurological death of a donor, a clinical pathological condition that can jeopardize 
the quality and stability of organs. The body of literature on the hemodynamic consequences of 
neurological death and their treatment exist since the early 80’s. Since then, very few 
randomized trials have been performed on the neurologically deceased donor population. As a 
consequence, the benefit of routine pharmacological therapies for the hemodynamic 
management of neurologically deceased donors on recipients’ outcomes is still uncertain, and 
the pathological theory underlying their use remains questionable.  
Consequently, this thesis aims at describing the actual body of evidence supporting the 
pharmacological treatment for the hemodynamic management of neurologically deceased 
donors and the theoretical rationale for their use. We also aimed at adding to the actual 
knowledge of brain death physiological hemodynamic consequences. To achieve this goal, we 
drew a broad portrait of the actual management of hemodynamic instability in organ donors, 
leading to the exploration of perceptions on these interventions. We then explored physiological 
consequences of neurological death at the heart level and evaluated the feasibility of conducting 
a multicentre trial on a pharmacological intervention in donors. Our thesis let to four research 
articles.  
First, we demonstrated through a systematic review of international guidelines for the 
management of neurologically deceased donors that the existing recommendations are 
inconsistent and that their poor methodological quality reflects the slow emergence of clinical 
research in the field. Then, in a national survey of intensive care physicians with experience in 
organ donor clinical management, we identified varying perceptions of practices in the country. 
We attributed this difference in opinions to the paucity of research in the field and to the possible 
relative inexperience of some physicians when managing deceased donors, a relatively rare 
condition in the intensive care unit. Our third article suggested that right ventricular dysfunction 
is frequent after neurological death, although existing literature focus mainly on the occurrence 
and consequences of left ventricular dysfunction. We postulate that the actual description of 
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hemodynamic consequences of neurological death is incomplete and that a better understanding 
of the mechanisms underlying right ventricular dysfunction would permit to identify new 
therapeutic targets. Finally, based on our previous conclusions, we questioned the relevance and 
efficacy of levothyroxine routine administration in donors and designed a pilot randomized 
controlled trial to evaluate the feasibility of a multicenter definitive trial. This pilot trial 
permitted to identify important barriers to interventional research including neurologically 
deceased donors. We propose that knowledge translation activities on the actual level of 
evidence supporting routine interventions be implemented in the preparation of a future 
randomized trial.  
 This thesis permits to question the validity of the actual pharmacological management 
of neurologically deceased donors highlighting the paucity of high-evidence literature in the 
field and the penetrance of historical interventions and concepts. We suggest that the future of 
research in the field lies on the ability to recognize areas of uncertainties and the acceptance of 
practice change.  
Keywords: neurological death, organ donation, hemodynamics, intensive care unit 
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1. General introduction 
For patients with end organ dysfunction, and with the exception of chronic dialysis for 
terminal kidney disease, organ donation is often the only option to prolong survival. During the 
last decades, modern medicine has made progress in the organ donation field, permitting to save 
thousands of lives.1 Despite these successes, the disparity between the number of organs 
available for transplant and the number of patients on the waiting list is growing, and the organ 
shortage remains a preoccupying social issue.2 The availability of suitable organs for 
transplantation rely on a continuum of careful actions along a journey that starts with potential 
donor identification and ends with organ-recovery surgery.3 Throughout the process, several 
limiting factors may impair the ability to successfully transplant organs and contribute to organ 
wastage. These limiting factors include the inability to identify potential donors, the challenges 
related to brain death diagnosis, the absence of family or patient consent to donation, the 
hemodynamic instability of potential donors, and the subjective or objective low quality of 
retrieved organs.2-4 Each of these steps warrants improvement through research and education, 
and should be addressed separately. With this in mind, we have focused on the hemodynamic 
instability of deceased donors and its pathophysiology, consequences and possible treatments. 
Specifically, this thesis aims to characterize the actual pharmacological treatment of the 
hemodynamic instability in potential deceased donors, to add to the actual knowledge on the 
pathophysiology of brain death-induced cardiomyopathy, and to determine the feasibility of 
assessing pharmacological interventions for the management of deceased donors’ hemodynamic 
instability in randomized controlled trials. 
 
1.1 Definition of neurological death in the context of organ 
donation 
This thesis focuses on the pharmacological management of organ donors after 
determination of neurological death. Nowadays, the concept of brain death is largely accepted 
worldwide and, although specific criteria still vary, institutional protocols for its diagnosis are 
implemented in the majority of high-income countries.5,6 However, the lack of recognition of 
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the cessation of all brain functions as a valid death definition has limited progress in the field 
for decades.7 Today, although no religion formally prohibits organ donation, individuals 
pertaining to specific groups may still have some personal objections due to religious motives, 
and organ donation knowledge evolves heterogeneously in the world. 8-10 Still, for the majority, 
the concept of neurological death is well accepted and the debate has mainly moved towards 
defining specific criteria. The inclusion of broader criteria in the definition of neurological death 
is now under discussion, and philosophical and religious arguments criticize all avenues, 
contributing to the ethical debate.6 In this context, the review of pharmacological interventions, 
the exploration of brain death pathological consequences and the implementation of research 
protocols in neurologically deceased donors necessitate a comprehension of the historical views 
of organ donation. In the next section and as a preamble to the review physiological concepts, 
we will present the historical perspectives on the concept of brain death as well as the historical 
hallmarks of organ donation. 
1.1.1 Historical perspectives on the concept of death 
The concept of breath as a source of life and of vital energy (Qi or prana in oriental 
cultures)  is common to many cultures and times, and is found in ancient texts such as the Bible, 
the Dao De Jing and the Koran.6 Traditionally, and as far as ancient Egypt and Greece, death 
was defined as the irreversible cessation of respiration and heartbeat, but until mid 1800’s some 
advocated that rigor mortis was the only certain criterion of death.6,11,12 As soon as the Mid-Age 
period, the Rabbi Moses Maimonides observed and declared that decapitated but still moving 
victims were indeed dead, but until the late 19th century, the cessation of the heart was still 
considered as the only admissible diagnosis of death.11,13,14 Between 1890 and 1905 several 
observations of the cessation of respiration preceding that of the heart in brain injured patients 
with elevated intracranial pressure (ICP) led to a progressive shift in paradigm.15-20  
From these years until the end of the 1950’s, several angiographic reports described 
comatose patients without any passage of contrast in their brain circulation, thus reinforcing a 
previously evoked idea of a mandatory cerebral blood flow in the maintenance of cerebral 
function.21 With the advent of advanced resuscitation and mechanical ventilation in the 1950’s, 
concerns on the maintenance of vital functions in hopelessly brain-injured patients were 
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raised.11,22 Comatose patients suffering from severe brain injuries were kept alive on artificial 
respirators, but their prognosis was more than uncertain.11 Questions were raised and balanced 
between the unethical withholding of life-sustaining manoeuvres and the not less unethical 
extraordinary measures applied to unconscious patients.11  In 1959, the concept of an 
“irreversible” death of the nervous system was introduced, and further life supporting 
manoeuvres were declared futile in patients presenting this condition.6,23,24 Avoiding the word 
“dead” to describe this clinical presentation, a physician named Dr Mollaret introduced the 
historical concept of “coma dépassé”, adding to the debate.25 This ultimate form of coma was 
defined as the absence of consciousness concomitant to a complete loss of vegetative functions. 
Although the definition of coma dépassé does not clearly evoke brain death, the authors 
recognized the occurrence of death automatically following the cessation of cardiorespiratory 
support.25  
In 1968, the Journal of the American Medical Association published a definition for 
“irreversible coma” that was then considered by the Harvard ad hoc committee as the new 
criterion for death.22,26 The Uniform Determination of Death Act resulting from the Harvard 
committee integrated the whole-brain death in the accepted definition of death and importantly, 
legally defined the whole-brain death criterion as : “the irreversible cessation of all functions of 
the brain, including the brain stem”.27  Four conditions were needed at this time to meet the 
irreversible coma definition: 1) unreceptivity and unresponsiveness 2) absence of movement or 
breathing 3) no reflexes 4) confirmatory flat electroencephalogram (EEG).26  Today, although 
still not uniform in its diagnosis, the concept of neurological death is globally accepted around 
the world and the vast majority of organ donors are neurologically deceased.6 
1.1.2 The actual determination of brain death 
Although the concept of brain death is broadly accepted, two specific definitions of brain 
death actually exist: whole brain death and brain stem death.28 The criteria provided by the 1981 
Uniform Determination of Death Act refer to the whole brain death.29 The whole brain death 
implies the loss of all brain functions, including and not limited to those of the brain stem.28 
This definition of brain death is the actual standard for the determination of death in Canada, 
US and a majority of European countries.6 The diagnosis of brain stem death refers to the loss 
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of brain stem functions, but does not require the irreversible cessation of all brain functions.28 
However, an irreversible loss of consciousness is still required. The brain stem death definition 
prevails in the UK.  
The clinical determination of brain death lacks sensitivity to differentiate the two 
definitions, since the patient is declared neurologically deceased on the basis of an irreversible 
loss of consciousness combined with a clinical loss of all brain stem functions.28 The clinical 
exam is not sensitive enough to identify preserved perfusion to specific brain areas and particular 
functions such as the neuroendocrine response. Over the past years, the use of ancillary tests in 
the diagnosis of neurological death has gained popularity among the medical community, 
particularly in cases where confounding factors interfere with the clinical evaluation.30 Ancillary 
tests include the assessment of brain function, perfusion or cerebral blood flow, the latter being 
the preferred one.30 However, when using ancillary tests, preserved intracranial blood flow or 
cortical electrical activity in the context of an irreversible loss of consciousness would comply 
to the definition of brain stem death, but not of whole brain death.13,31 Moreover, the 
identification of isolated cell activity of the neuroendocrine axis could be explained by 
extracranial blood supply.13 On the opposite, the sensibility of brain stem death diagnosis is 
criticized in the sense that it cannot exclude a certain level of awareness.13 In summary, despite 
a consensus that recognizes brain death as the ultimate end of life, with the advent of sensitive 
ancillary tests, the debate on the specific definition of brain death was relaunched.32,33 This 
particular question of the use of ancillary tests in the diagnosis of neurological death is beyond 
the scope of this thesis and will not be discussed further.  
1.2 History of organ donation after neurological death 
The first kidney transplant attempt from a human donor in the modern era was performed 
by a Russian surgeon, Dr Yu Yu Voronoy, in 1936.7,14 The donor had died (cessation of heart 
beat) 6 hours before the transplantation surgery and the recipient survived only 2 days to the 
surgery, probably due to a blood mismatch.7,14 Further attempts at kidney transplantations from 
donors after cardiac death were tried in the following years. In a time before the advent of 
immunosuppressive drugs, successes were mitigated.7,14 In 1954, Dr Joseph Murray 
successfully performed the first kidney transplant from a living donor to his identical twin.7 
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During the following years, transplant centres established themselves throughout the United 
States and Europe, and kidney, liver, lung, and pancreas transplants were performed one after 
the other with success.7 However, all those transplants were from neurologically deceased 
donors, only after confirming their cardio circulatory arrest.7,14,34 
The first organ transplantation from a declared neurologically deceased and heart-
beating donor was performed in 1963 by the Belgian surgeon Guy Alexandre, 5 years before 
the Harvard committee criteria were released.7,34  Alexandre proposed a definition of brain death 
very similar to the one that would later be adopted by the Harvard committee, but adding the 
precondition of severe brain injury. His definition incorporated the following: 1) bilateral 
mydriasis 2) absence of reflexes 3) absence of spontaneous respiration, 5 minutes after 
mechanical ventilation has been stopped 4) hypotension necessitating vasoactive drugs 5) flat 
EEG.7,14 Although the transplant was successful, the concept of organ donation from a 
neurologically deceased patient was not unanimously accepted by the medical community. 
In this context of controversy around the definition of death, in 1964, a single kidney was 
recovered from a mechanically ventilated comatose Swedish patient for the purpose of 
transplantation.7,19 The patient could not be declared neurologically deceased, since no law 
existed to frame  brain death diagnosis.7 The donor officially died from a cardiac arrest 2 days 
after the transplant surgery.7 A strong debate divided the Swedish medical community for years 
after this case although a new concept of death called “cerebral death” was submitted, based on 
this experience.7,19 Even after Alexandre’s successful kidney transplant, neurologically 
deceased donors were still declared cardiorespiratory dead before donation.7 Since no brain 
death law existed, transplant surgeons were reluctant to use neurologically deceased donors and 
were concerned of the potential adverse publicity it could do to further donation surgeries.7  
Despite all doubts and debates, in 1967, Christiaan Barnard performed the world’s first 
successful human heart transplant in a 54-year-old patient in South Africa.35 The young female 
donor and the male recipient were brought to two adjacent theaters, the recipient being prepared 
while the inevitable death of the donor would occur.35 Transplantation was performed only after 
the donor’s electrocardiogram (ECG) shown no activity for 5 minutes concomitantly with the 
absence of spontaneous breathing and reflexes.35 Already 2 weeks later, Dr Barnard performed 
a second heart transplant in a male patient, Dr. Philip Blaiberg.36 The donor suffering from an 
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unsustainable subarachnoid haemorrhage was declared brain-dead after a mind struggling 
decision taken by the attending intensive care physician.37 Still, cardiovascular death was also 
confirmed before the surgery.36  
1.3 Epidemiology of organ donation 
The majority of organs are transplanted from donors after neurological determination 
(NDD) of death, but the number of organs transplanted from donors after cardio-circulatory 
determination of death (DCD) is rapidly rising, and currently reaches around 15% of total 
deceased donations.1,38,39 The actual donor rate in Canada is around 15.5-20 donors per million 
population, and this number has been steadily increasing over the past 20 years.38,40 In 2016, 
Canada ranked 19th among 68 countries for deceased donor rate.40 The highest donor rate in the 
world is shown by Spain, with 33-46 donors per million population.1,41 However, statistics on 
donor and transplant rates need to be interpreted carefully when employed for comparisons, as 
an inferior donor rate may simply reflect a lower rate of injuries, better healthcare services, or 
heterogenous definitions of donor rate.40,42 For example, some countries include in their donor 
rate donors that were identified, but in whom no organs were recovered or transplanted.40 In 
comparison, in Canada, donor rate represents the number of actual donors, referring to donors 
from whom at least one organ per million population was successfully transplanted.40 Apart 
from aforementioned and from differences in organ donor care, disparities in organ procurement 
statistics between countries could also be attributed to the use of different models of consent to 
donation, referring here to the existing opt-out system (presumed consent) versus the opt-in 
system (explicit consent).43 However, although the opt-out system was meant to result in 
increased donor rates, the difference between the performance of the two systems is not obvious, 
and the impact of these systems on donation rates is still under debate.43,44 In Canada, an opt-in 
system in employed for consent to donation, except in Nova Scotia, a province that has recently 
adopted the opt-out system.44  
Theoretically, potential donors include all members of the general population.40 However, not 
every patient will be considered for organ donation upon its death. In the context of organ 
donation after NDD, the potential donor pool is limited to identified individuals that fulfill 
specific diagnosis criteria.40 Then, every accepted donor has the potential to give up to 8 organs. 
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However, organ recovery criteria are strict, and organs from donors that do not fulfill standard 
transplant criteria are often rejected.45 Over the last 10 years, the number of neurological deaths 
secondary to traumatic brain injury has constantly decreased, thus changing the image of the 
typical organ donor.45,46 Patients suffering from fatal strokes and anoxic brain injuries now 
represent the majority of NDD donors, the consequence being the aging of the potential 
donor pool.46 In response to this demographic change, potential donors that were historically 
excluded from donation are now considered, and donation outcomes from expanded criteria 
donors are presently being studied.42,47,48 Expanded inclusion criteria for donation typically 
include an age over 70 years, significant medical history in donors younger than 60 years, high-
risk social behaviours or a history of viral exposure.45,49  
According to the Organ Procurement and Transplantation Network (OPTN), the unified 
transplantation network in the USA based in Richmond Virginia, the number of organs 
recovered per donor has stabilized since 2000, with an average of 3.5 organs/donor for standard 
criteria donors and around 1.8 organ/donor for expanded criteria donors.39,50 However, numbers 
vary according to geographical area, donor type (NDD or DCD) and donor’s age or 
characteristics (standard criteria donor or expanded criteria donor).39,50 Organ donation 
performance also varies according to the target organ. Although the number of kidneys 
recovered per donor is high (1.54-2.00), the performance for heart (0 – 0.43) and lung (0.05-
0.77) donation remains low.50  
 
1.4 Pathophysiology of brain death 
Following catastrophic brain injury, an increase in ICP that is not counteracted by a proportional 
increase in cerebral perfusion pressure (CPP) can lead to neurological death.51-53 First, the 
compression of cerebral arteries produces brain tissue infarction.54 The ischemic pattern then 
gradually progresses in a rostro-caudal fashion, from mid-brain to pons, to medulla, ultimately 
reaching the spinal cord. 55,56 Resulting from the injury, mass effect progressively produces 
venous engorgement.54 Brain swelling compresses the brain stem which is then forced through 
the foramen magnum, a phenomenon called “coning”.54,57 Since the cardio-respiratory seat is 
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located in the reticular formation of the brain stem, respiratory functions are compromised, and 
death ensues.57   
1.4.1 Anatomy of the autonomic storm and hormone depletion theory 
Following brain injury, and secondary to increased ICP, ischemia within the pons breeds the 
Cushing reflex, a phenomenon characterized by hypertension, bradycardia and irregular 
breathing.18,58,59 The first description of this phenomenon was attributed to the work of Harvey 
Cushing, in 1901.18 In a lecture presented before the College of Physicians of Philadelphia in 
1902, he described the result of his research on an animal model in which he studied the cerebral 
vascular adaptation to a generalized increase in ICP.18 In response to increased ICP and in an 
attempt to optimize CPP to the ischemic region, the sympathetic system is activated, causing 
systemic hypertension.18 Baroreceptors then activate the parasympathetic system to balance the 
sympathetic system, causing bradycardia.57 With the increase in systemic blood pressure, 
perfusion to the ischemic pons is re-established and ICP decreases.18 However, if the primary 
cerebral insult is not alleviated, rise in ICP will instore ischemia in the pons again, to a point 
where the Cushing reflex is no longer sufficient to compensate.18  While ischemia reaches the 
most distal midbrain, the vagal motor nucleus is destroyed, and the parasympathetic activity is 
abolished.58 With the progression of ischemia to the lower medulla oblongata, an unopposed 
sympathetic stimulation is responsible for a systemic catecholamine surge.60 This “autonomic 
storm” also called “sympathetic storm” or “catecholamine storm” is characterized by 
hypertension, tachycardia and vasocontriction.56,61 Ultimately, spinal cord ischemia follows, 
and hypotension and cardiovascular collapse result from the loss of all sympathetic tone.57,60 
The acuteness in ICP increment, the speed of neurological death and the extent of the 
primary injury are probable predictors of the importance of the catecholamine release, and 
consequently, of the severity and the duration of the autonomic storm.54,60,62,63 With slower 
damage progression or with a less severe primary insult, adaptation mechanisms help the 
brain to autoregulate.60 However, with an abrupt increase in ICP, autoregulation fails and the 
adaptation of brain circulation becomes insufficient.60 Although some authors advocate the 
opposite, variability between patients’ hemodynamic parameters possibly depends on the 
anatomical structures involved during the brain death process.60,64 Some viable tissue may 
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remain despite the global cessation of brain perfusion, and this might explain the variability in 
hemodynamic and hormonal responses to brain death, thus contributing to the modern 
controversy around the determination of brain death presented earlier.54  
In the occurrence of brain death, when ischemia progresses to the medulla, blood supply 
to the hypothalamus is impaired, causing the gland to cease its production in antidiuretic 
hormone. As the hypothalamus is responsible for its synthesis, the posterior pituitary lobe, 
irrigated by the inferior hypophyseal artery, is responsible for the release of anti-diuretic 
hormone.57,65 In contrast to the hypothalamus, the pituitary gland, and particularly its posterior 
lobe, is anatomically protected from the brain-swelling-induced ischemia by the turcic stella.65 
Also, blood supply to the posterior lobe is not as affected by ICP as the hypothalamus’ because 
its perfusion comes from the cavernous portion of the internal carotid artery and its branches, 
which are extradural arteries.65 The destruction of the hypothalamus, and not of the posterior 
lobe of the pituitary gland, would be the most probable cause for low antidiuretic hormone 
levels, and related diabetes insipidus in brain-dead patients.65  
As the posterior lobe of the pituitary gland remains sometimes completely intact, the 
anterior lobe of the pituitary gland, on the other hand, often suffers incomplete but important 
damages.66 The reason for this difference between the two pituitary gland lobes may be 
anatomic, since the 2 different lobes are formed from distinct embryologic tissues; anterior (oral 
ectoderm) and posterior (neuro-ectoderm).57 In contrast to the posterior pituitary lobe, the 
anterior pituitary lobe produces hormones (prolactin, adrenocorticotrophic hormone (ACTH), 
thyrotropin hormone (TSH), follicle stimulating hormone (FSH), and luteinizing hormone 
(LH)), and their secretion is regulated by hypothalamic hormones. The anterior lobe of the 
pituitary gland is irrigated by a portal venous system and by the superior and inferior 
hypophyseal artery. 57,66 The latter originates from the medial side of the carotid siphon, at the 
level of the ophthalmic artery.66 Most of its course is intradural and therefore, necrosis of the 
anterior lobe of the pituitary gland is expected during the brain death process.66 As a 
consequence, levels of hormones produced by the anterior lobe should rapidly decrease after 
brain death, with an expected half-life of 5-34 minutes in normal renal and hepatic function 
conditions.66,67 However, the outer layer of the anterior lobe is irrigated by the capsular artery, 
an extradural vessel.65 Therefore, anterior pituitary hormones can sometimes be detected in the 
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peripheral plasma after brain death, and necrosis of the anterior lobe can be incomplete, with 
preserved peripheral cells.65,68 These small areas of preserved cells in the pituitary gland and 
sometimes even in the hypothalamus may be responsible, at least partially, for the blood 
detection of hormones after brain death diagnosis, and more importantly for the persistence of 
response to stimulation tests for some days after brain death in some individuals.67   
In summary, persistence of blood hormone levels and variability in hormonal stimulation tests 
results in brain-dead patients theoretically depend on the mechanism of the injury, the rapidity 
of the brain death process, and the timing after brain death, and consequently to the extent of 
remaining blood supply to the pituitary gland and hypothalamus.62,69-71 However, the 
pathophysiology of brain death, the theory of hormone depletion, and consequently, the choice 
of pharmacological agents employed for donor care mostly rely on animal models, in which 
such a variability is not evocated. More than 50 years after the first heart transplant from a 
neurologically deceased donor, the mechanisms responsible for the observed hemodynamic 
instability after brain death still needed elucidation. The next section will summarize findings 
on hormone depletion following brain death in both animal models and human studies.  
 
Animal models  
In 1984, a group of researcher conducted an experimental Chacma baboon model with 
the objective of understanding the effects of brain death on the heart and on the circulation.72 
This article would later become one of the most cited in the organ donation field, as it set the 
basis for ensuing research and, consequently it led to contemporary organ donor 
pharmacological management.64,72-78 The experiment consisted in inducing brain death in 10 
Chacma baboons by inflating a balloon in the subdural space. The study outcomes were various 
hemodynamic parameters (e.g., ECG, arterial pressure, pulmonary artery wedge pressure, right 
atrial pressure, stroke volume, cardiac output, systemic vascular resistance) and hormone blood 
levels (e.g., circulating catecholamines, thyroid hormones, TSH, cortisol, insulin, antidiuretic 
hormone (ADH) and glucagon).72 The investigators also recorded markers of hypoperfusion and 
of heart damage (e.g., lactate dehydrogenase (LDH), creatine kinase (CK), glycogen, lactates).72 
Amid the 10 animals, 2 also had superimposed bilateral vagotomy, 2 had bilateral 
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adrenalectomy and 2 received propranolol. Brain death occurred within 20 minutes and the 
animals were followed for a maximal period of 24 hours.72 Following brain death, the 
investigators observed abnormal ECG, described as ventricular arrhythmias, inverted T waves 
or ST segment elevation. They also described a rapid increase in MAP, PCWP (pulmonary 
capillary wedge pressure), PVR (pulmonary vascular pressure) and CVP (central venous 
pressure) followed by a fall in all the observed parameters following brain death.72 The 
catecholamine levels variation patterns were similar to that of hemodynamic parameters. 
Markers of heart ischemia (LDH and CK) rose in some animals, and a group of baboons that 
were not reanimated with fluids during the experiment also presented an increase in serum 
lactates and glycogen. Furthermore, the histological analysis of cardiac myocytes revealed the 
appearance of contraction bands, focal myocardial cell necrosis and interstitial edema. Bilateral 
vagotomy and propranolol prevented the hemodynamic and ECG changes.72 Based on these 
observations, the investigators proposed that the catecholamine surge following brain death was 
responsible for the hemodynamic changes and for the myocardial damages, and that this 
phenomenon could be prevented by the administration of beta-blockers.72,74 The authors also 
measured pituitary and hypothalamus hormones serum levels. They observed that thyroid 
hormones (triiodothyronine (T3) and levothyroxine (T4)) levels were decreased to 50% of the 
baseline values until being undetectable, but that TSH levels remained unchanged.72 Cortisol 
levels followed a similar pathway to the thyroid hormones, and insulin levels rapidly declined 
in the first 5 minutes of the experiment, also reaching undetectable values. Finally, ADH 
disappeared from the circulating plasma within 6 hours and the animals featured clinical signs 
of diabetes insipidus.72  
Although this study was conducted in a limited number of animals, suffered from a lack 
of control group and presented no statistical plan, the novelty of its findings generated 
enthusiasm in the scientific community.  
Following this first study, the same group of investigators pursued their research with animal 
experiments in baboons, dogs, pigs and rats. They concluded to 4 major findings: 1) brain death 
is accompanied by an autonomic storm implying a surge in serum catecholamines 2) due to 
pituitary gland ischemia, hormone levels (anterior and posterior) are reduced following brain 
death 3) histologic changes in organs that translate in organ dysfunction occur following brain 
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death, and these changes are caused by catecholamine toxicity and hormone insufficiency 4) the 
administration of a hormone cocktail can prevent or treat organ dysfunction.53,64,76,79,80  
Following these first experiments, other authors have corroborated these conclusions using 
various animal models (e.g, dogs, rats, pigs): a Cushing reflex occurred immediately after an 
abrupt increase in ICP, and it was predictably followed by an autonomic storm described as an 
increase in blood pressure and in vascular resistance. However, some variability was already 
observed in the presentation and duration of the autonomic storm, with some animals featuring 
an unexplained biphasic or tardive increase in blood pressure.71,81,82 The majority of animals 
presented clinical features of diabetes insipidus, and ADH levels were often decreased to 
undetectable levels.63 81-83 Following the induction of brain death, thyroid hormones (T3 and 
T4) levels were also decreased, reaching undetectable levels in several animal models, but in 
some animals thyroid hormone levels (T3, T4 and TSH) remained in the normal range.53,81-84  
The pharmacokinetics of cortisol levels was not consistent between studies.82 In response to 
increased ICP, some investigators observed an increase in cortisol levels in the first minutes of 
the experiment followed by a decline, sometimes reaching undetectable levels.53,71,81 Similarly, 
insulin levels were described as decreased or normal. 53,84 71,81,82 
 
Human studies                                                                                                                                                                                                                                                                                                                  
Although the pathophysiology of the autonomic storm in the period surrounding brain death 
seems well acknowledged, its epidemiology and diagnostic criteria in potential donors are not 
reported. Animal models suggest that the autonomic storm is a milestone in the brain death 
process, and this theory has translated in the common description of human neurological 
death pathophysiology.56,64,85 However, the frequency of clinically recognized autonomic 
storms in potential organ donors could be situated around 60%, depending on clinical 
definition.58,86 Also, some potential donors may experience not only one, but repetitive 
hemodynamic changes corresponding to an autonomic storm in the hours following 
brain death.86   
The difference between bench and beside studies may lie in different injury mechanisms leading 
to brain death.  Two main models have been used in animal studies. In the first one, used more 
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commonly, ICP is rapidly increased with the injection of fluids in the subdural space, through a 
catheter placed via a trepanation hole in the skull.53,55,81,87 In this model, brain death predictably 
occurs in minutes following the intervention (around 20 minutes).53 The acute increase in ICP 
and the speed of neurological death are thought to be important predictors of the autonomic 
storm, thus potentially explaining the reproducibility of the animal study results.62 In humans 
suffering from various causes of brain injuries, including not only traumas but also anoxia, 
strokes or subarachnoid haemorrhages, neurological death rarely occurs in such a predictable 
and rapid manner. In the second  model used in animal studies, brain death is obtained by the 
ligation of cerebral arteries (carotid and vertebral).88 The ensuing brain death in animals implies 
a complete absence of blood flow to the whole brain, which again may not always be the case 
in humans, where residual flow to specific area, including portions of the pituitary and 
hypothalamus glands, sometimes remain.22,27  
A recent narrative review using a systematic search listed 32 studies that evaluated the 
occurrence of  diabetes insipidus as a marker of posterior pituitary failure in brain-dead patients, 
reporting a mean frequency around 50%.32 Together, these studies included 1878 adult and 
pediatric neurologically deceased patients.32 Thus, not all patients meeting the clinical definition 
of brain death present with posterior pituitary failure and diabetes insipidus as the animal models 
suggested. As soon as the first publication on coma dépassé, Mollaret et al. observed that some 
cases, but not all, featured diabetes insipidus criteria.25 Since then, studies have reported diabetes 
insipidus frequencies varying from 9% to 100% in humans declared brain dead.65,89-92 Individual 
studies reporting a 100% frequency of diabetes insipidus in their sample all have in common 
small sample sizes and relatively homogeneous mechanisms of traumatic neurological 
death.65,91-93 Also, in these studies, describing the epidemiology of diabetes insipidus in brain 
dead patient was not the primary objective.65,91-93 
The 2016 narrative review cites 3 studies reporting peripheral levels of hypophysiotropic 
hormones (luteinizing-releasing hormone, corticotropin-releasing hormone, and growth 
hormone-releasing hormone) in brain-dead patients.32 These studies observed detectable levels 
of these hormones in a majority of patients, but samples were small and showed interindividual 
variability in results.32,66,67,70 The anterior pituitary hormones levels were maintained within 
detectable range up to three days after brain death diagnosis.67 Six studies cited in the review 
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used stimulation tests to assess the anterior pituitary function, and the response to insulin-
induced hypoglycaemia, thyrotropin-releasing hormone and luteinizing hormone-releasing 
hormone have been reported as completely blunt or preserved.65-67,94-96 In the studies reporting 
negative response to the stimulation test, authors attributed the preserved blood concentration 
of anterior pituitary hormones to extracranial sources.94 However, a persistent active secretion 
could not always be ruled out, since some subjects still had positive stimulation test responses 
even after brain death declaration.67  
Following brain death, ACTH levels remained generally in the normal range although 
random cortisol levels were highly variable and reported as low, normal or high.32,67,70,97-101 
However, in general, healthy humans cortisol reference values have been applied to brain dead 
patients.102 No association was observed between hypotension and low random 
cortisol levels.70ACTH stimulation test yielded no increase in cortisol in one study, but did 
provoke an increase in cortisol in another more recent study, although an attenuated response 
was commonly observed.67,102  
Although not universal, but consistent with findings in animal studies, low T3 levels and 
normal to low T4 levels were observed after brain death.67,70,97-101,103 However, normal TSH and 
normal or high reverse T3 levels were interpreted as a euthyroid sick syndrome rather than as a 
pituitary failure.32,70,98,99,103  Following a catastrophic cerebral lesion leading to neurological 
death, inflammatory markers are released, leading to increased intracellular nuclear factor-
kappa B (NF-KB).104 Following its translocation into the cell nucleus, NF-KB induces a 
reduction in deionidase-1 enzyme expression.104 A reduction in T4 to T3 conversion ensues, a 
feature common among various critical care patients.99 This mechanism is probably adaptive 
and constitutes a protein saving strategy.103 Also, the reduction of serum T3 are inversely 
correlated with plasma levels of norepinephrine and epinephrine, which are increased in brain 
dead patients, particularly in those presenting an autonomic storm.103  
 
1.3.2 Inflammation, cytokine storm and brain death 
Following brain injury, a systemic inflammatory response associated with the release of 
inflammation mediators, the synthesis of radical oxygen species and the recruitment of 
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leukocytes contribute to vascular permeability and organ damage.105 A loss of blood-brain-
barrier integrity also occurs with local inflammation, contributing to cerebral edema, vasospasm 
and secondary injury.105  When local inflammation, edema and ICP lead to an irreversible loss 
of brain functions, systemic inflammation further increases.106 In the donor’s serum, the marked 
increase in epinephrine, norepinephrine and dopamine secondary to the autonomic storm 
surrounding brain death provokes intracellular calcium overload, which then leads to the 
activation of lipase, proteinase, endonuclease, and nitric oxide synthase, and to the disruption 
of adenosine triphosphate (ATP) synthesis.107 As a consequence of the rise in catecholamine 
levels, a shift towards preferential anaerobic metabolism occurs, causing the activation of NF-
KB induced apoptosis, shear stress on the endothelial wall, and gut ischemia with associated 
bacterial translocation.106,108 With the following destruction of vagal centres, the anti-
inflammatory response normally activated by the parasympathetic nervous system at the 
cholinergic receptors level is also blunted, resulting in unopposed inflammation.109  
Independently of the occurrence of an autonomic storm, a central release of inflammatory 
mediators also occurs following brain death, causing a systemic inflammatory response, 
metabolic changes and a neuropeptide release from the nervous system.106 More specifically, an 
increase in serum type 1 cytokines IL-1beta and TNF-alpha is observed in the hour after 
brain death.109  In animal models, the rise in type 1 cytokines was shown to be proportional to 
the abruptness of brain death and could also be influenced by the mechanism of brain injury. 109 
Although type 2 cytokines are probably not involved in post brain death inflammation, type 17 
pro-inflammatory cytokine IL-6 is implicated. IL-6 serum levels increase from brain death until 
organ retrieval, and high concentrations of IL-6 are recovered in multiple organs.109 Specifically, 
the production of IL-6 in donors’ hearts could be responsible for the induction of nitric oxide 
synthase in cardiac cells, and explain the early-after-brain-death cardiac failure and 
hemodynamic instability.109  
When compared to recipients from living donors, those from brain-dead donors are more prone 
to allograft dysfunction.110 For example, liver and kidney recipients from donors featuring high 
levels of inflammation are repeatedly reported as having worst outcomes.110 Mainly supported 
by animal models, research has also shown that increased levels of inflammatory mediators are 
associated with donors’ myocardial dysfunction and with poorer recipients’ outcomes.106,111,112 
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High inflammation, demonstrated by increased levels of pro-inflammatory cytokines (TNF-
alpha, IL-1beta, IL-6), major histocompatibility complex class II and adhesion molecules 
(ICAM-1, VCAM-1, E-selectin and P-selectin) are observed not only in donors after brain death, 
but also in recipients after transplant.107,112 These mediators could facilitate the ability of the 
graft vasculature to present antigens to circulating T cells and contribute to graft rejection.110 
 
Both antigen-dependant and antigen-independent immune responses influence allografts 
outcomes in recipients. Occurring before transplant, antigen-independent immune response 
depends not only on the previously described brain death induced inflammation, but also on 
ischemia during organ recovery and on reperfusion injury caused by the restoration of blood 
during organ transfer.110 The coupling of the two latter mechanisms is defined as the ischemia-
reperfusion injury.110 Ischemia-reperfusion injury thus contributes to inflammation and have 
known deleterious effects on recipients’ allografts.109 However, recipients of organs from living 
donors are less prone to rejection episodes and primary graft failure, and have longer survival 
rates that recipients from brain dead donors, and these differences appear to be independent 
from ischemic time.108  In a rat model, heart recipients from living donors only exhibit ischemia-
reperfusion injury characteristics, as recipients from brain dead donors featured higher levels of 
histological inflammation, suggesting an additive interaction between brain death and ischemia-
reperfusion injury.109,112 Complement activation plays a central role in the ischemia-reperfusion 
injury, and a similar pattern of C3a increase mediated by IgM was also observed following brain 
death.108,110 This suggests a common pathophysiology between neurological death induced 
organ injury and ischemia-reperfusion injury, and the impact of brain death and of typical 
ischemia-reperfusion injury secondary to organ retrieval and transplant could become additive 
at the recipient level.109  
 
1.4 Hemodynamic consequences of brain death  
As brain death is associated with hemodynamic, inflammatory, metabolic, and potentially 
endocrine changes, organ dysfunction in potential donors is frequent and has direct 
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consequences on transplant outcomes. Donors’ organ dysfunction, not only jeopardizes the 
possibility of organ recovery, but also threatens recipients’ prognosis. After brain death, 
potential donors can present with hypotension (80%), coagulopathy (29-55%), renal failure (20-
35%) and acute respiratory distress syndrome or pulmonary edema (13-18%) and importantly, 
with heart failure (10-56%).56,113-115 Since recipients of organs from deceased donors have worst 
prognosis than recipients from living donors, independently from HLA matching, donors’ age, 
race or cold-ischemia time, consequences of brain death on organ function is obviously 
concerning.116  
1.4.1 Brain death induced cardiomyopathy 
In the first animal studies, changes in cardiac cells were observed and linked to the 
hemodynamic instability occurring after brain-death.72 Histologic changes in cardiac cells have 
been described on various occasions since then, and comprise contraction bands, apoptosis, 
myocytolysis, necrosis and massive calcium release.117-119 When present, contraction bands are 
most frequently described in subepicardic and sub-endocardic zones.119 Following brain stem 
death, increased endogenous catecholamines lead to vasoconstriction, cardiac workload, and 
myocardial oxygen consumption.118 In the myocardium, not only inflammation, but also local 
catecholamine release appears to have direct consequences on cardiomyocytes.106,112 An 
observational study evaluated blood levels of endogenous catecholamines in 40 brain-dead 
donors in which the heart was rejected for transplant because of age, weight or 
recipient incompatibility.119 Catecholamines levels were drawn before brain death and up to 4 
hours post brain death.119 Epinephrine and norepinephrine peak levels were 2.36 times and 8.56 
times higher than normal, respectively.119 Local release of noradrenaline from myocardial 
sympathetic nerve endings could lead to direct cellular cardio toxicity and cause ventricular 
dysfunction.53,59,120 Also, an impairment of beta-adrenergic receptor coupling and changes in G-
protein function result in a disruption of intracellular signalisation.117,121 Both mechanisms of 
beta-receptor desensitization are thought to be adaptative, in response to deleterious beta-
adrenergic stimulation, but they ultimately contribute to heart dysfunction.121  
Although observed consistently in animal models, cardiac lesions are not present in 
every human donor.119,122 Around 80% of donors show histologic signs of cardiac damage, 
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either necrotic, apoptotic or both, at some point between brain death and organ recovery.119 The 
difference between animal models and clinical observations may be explained by the difference 
in beta-adrenergic receptor density in apical myocardia.118 Experiments often involved dogs, an 
animal in which the receptor density is greater than in human, suggesting a higher susceptibility 
to catecholamines toxicity.118  
 
Epidemiology of brain death induced cardiomyopathy 
In human potential donors, observational studies report that 10 to 56% of brain-dead donors will 
present clinical cardiac dysfunction following neurological death.123-135 However, the definition 
of cardiac dysfunction, the included populations, the timing of the evaluation, the measurement 
methods and the donors’ treatments at the moment of evaluation vary between studies (Table 1). 
The actual knowledge on the risk factors of reduced left ventricular ejection fraction (LVEF) is 
scarce, and only age and body mass index have been associated with impaired left heart function 
in univariate analyses.123 Longer time from brain death to echocardiography was also identified 
as a predictor of LVEF improvement, and repeated echocardiography assessment suggests that 
cardiac dysfunction may be reversible, at least in some donors.135 One study evaluating the 
potential impact of beta-adrenergic receptors polymorphism on the occurrence of left ventricular 
(LV) dysfunction suggested that genetic factors may predispose some individuals.130 Although 
several reports have described LV dysfunction in brain-dead donors, right ventricular (RV) 
function has not been studied as extensively. In an animal model where brain death was induced 
in 60 mongrel dogs, high pulmonary and right ventricular pressures were observed during the 
autonomic storm period.136 Then, RV function decreased during the next several hours. Brain 
death had a direct impact on the recipient’s RV function as well, even in the presence of basal 
normal pulmonary pressures.136 It was proposed that RV dysfunction may be induced by 
inflammation mediators and apoptosis, similarly to LV dysfunction.137  In a mechanistic study 
comparting heart donors with and without LV dysfunction, marked decrease in RV maximum 
contractile response to calcium was observed in  heart donors featuring LV dysfunction. 
Response to beta-stimulation (isoproterenol) was also considerably reduced although no 





Table 1. Epidemiology of cardiac dysfunction in neurologically deceased donors 








Borbely 2,015,123 Cross sectional  Potential heart donors  
At least 1 TEE post BD 
declaration 
246 Quantify the 
prevalence of cardiac 
dysfunction 
Describe the 




in patients with cardiac 




presence of  
³ 1 RWMAs 
74/246 
(30.1%) 
Age and BMI 
(univariate 
analysis) 
Krishnamoorthy 2,015,133 Cross sectional Potential pediatric heart 
donors 
At least 1 TEE post BD 
declaration 
60 Determine the 
prevalence and course 
of cardiac dysfunction 
EF <50% 
and/or 
presence of  
³ 1 RWMAs 





Kush 2,012,130 Retrospective 
cohort 
Consent to donation 
Stored DNA samples 
1407 Describe donors’ LV 
ejection fraction 
according to genetic 
polymorphism 
Describe RWMA and 
dopamine requirement 
according to genetic 
polymorphism 
EF <50% 10% B2Ar46 SNP 
Mohamedali 2,012,131 Retrospective 
(?) case series 
Organ donors 34 Describe LV 
dysfunction 
N/A 11/34 (32%) N/A 
Godino 2,010,128 Retrospective 
observational 
Potential heart donors 
Age <50 years 
100 Identify and quantify 
the causes for 
exclusion of potential 
heart donors  
Define risk factors for 
LV dysfunction 




Boudaa 2,003,126 Retrospective 
cohort 
Potential heart donors 56 Identify selection 
criteria for heart 
procurement 
EF < 60% 12/56 (21.4%) N/A 
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Paul 2,003,127 Retrospective 
observational 
Potential pediatric heart 
donors 
Echocardiographic 
screening before organ 
donation 
23 Define the spectrum of 
LV dysfunction in 
pediatric donors 





13/23 (56.5%) N/A 
Hutteman 2,002,129 Retrospective 
observational 
Patients with brain injury 
leading to BD 
51 Evaluate the impact of 
TEE on patient 
management 
Describe the incidence 
of LV dysfunction 
FAC <50% 7/51 (13.7%) N/A 
Dujardin 2001124 Retrospective 
cohort 
BD patient 
At least one 
echocardiogram 





N/A 28/66 (42%) N/A 
Kono 1,999,132 Prospective 
observational 
Brain dead patients from 
non-cardiac cause 




Assess the ability of 
dobutamine stress 





7/30 (23.3%) Positive stress 
echocardiography 





reversibility of LV 
dysfunction 
Gilbert 1,998,125 Prospective (?) 
observational 
Potential heart donors 74 Evaluate cardiac 








9/74 (12.2%) N/A 
 
TEE: Transthoracic echocardiogram; BD: brain death; LV = left ventricle; EF = ejection fraction; RWMAs = Regional wall motion 





Transplantation of recovering hearts 
Left ventricular dysfunctions account for around 25% of donors’ heart rejection.138,139 Serial 
echocardiography of potential heart donors demonstrated a temporal improvement of heart 
function in donors with baseline LV dysfunction.123,135 However, the potential for allografts to 
carry stigmas of dysfunction despite apparent recovery remains a concern. This question was 
studied in a cohort of heart recipients from donors that recovered from initial LV dysfunction 
compared to heart recipients from donors with normal heart function at baseline.138 No 
difference in mortality up to five years after transplant or in acute graft rejection was found, and 
the results were robust to a propensity score matched analysis.138 The majority of donors with 
initial LV dysfunction was treated with inotropes, corticosteroids and thyroid hormones.138 
Another propensity score matched study evaluated the risk of cardiac complications after 
transplant, one-year survival and LV function in recipients from heart donors with or without a 
heart dysfunction at the time of the organ transfer.140 The hypothesis supporting the primary 
outcome was that impaired LV function hearts would recover after transplant, and that 
pretransplant LV dysfunction would not affect recipients’ survival. In accordance with their 
hypothesis, the authors did not find any difference on the pre-defined outcomes between 
recipients from donors with or without heart dysfunction.140 However, the number of recipients 
(127) who received a heart with reduced ejection fraction (<40%) was disproportionate 
compared to the number of recipients who received a heart with normal ejection fraction 
(30,253), and these two groups largely differed in their clinical characteristics at baseline.140 
Even with the use of a propensity score, residual confounding is possible. Neither the propensity 
score nor the following logistic regression included interventions during the ICU donor 
management. We could however expect more aggressive hemodynamic management strategies 
or team care involvement in donors with lower LV function. If donors with more important LV 
dysfunction were taken care of more aggressively, then the difference in survival could have 
been biased towards the null, even though these donors appeared initially sicker.  This study 
also potentially suffers from a lack of power. Although the total cohort includes more than 
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30,000 donors, only 127 with reduced ejection fraction were matched to donors with normal 
ejection fraction since the propensity score used 1:1 matching. Despite these limits, the two 
recipients groups had similar LVEF at one year after transplant, suggesting that heart function 
may improve after transplant.140 Similar results were observed in a cohort of pediatric 
heart recipients.141 
 
1.5 Organ donor pharmacological management  
The pharmacological management of neurologically deceased donors can arbitrarily be divided 
in sequential phases corresponding to the autonomic storm and the hemodynamic instability. 
These treatments are largely derived from the theoretical pathophysiology of brain death, and 
the rationale for their use relies mainly on the translation of animal model findings to human 
clinical presentations.  
1.5.1 Pharmacological treatment of the autonomic storm 
The use of beta blockers to alleviate the consequence of the catecholamine surge following brain 
stem ischemia was first proposed by Novitzky in his chacma baboon model.72 Then, the use of 
beta blockers to prevent heart dysfunction secondary to the autonomic storm was further 
assessed in preclinical studies.142-144 In summary, these studies suggest that the administration 
of a beta blocker could prevent the degradation of myocardial cells after neurological death. 
However, only one study has evaluated the impact of pharmacologically treating the autonomic 
storm on human donors’ organ function.58 The retrospective study conducted on a small cohort 
of 46 potential heart donors evaluated the predictors (including the occurrence or not of an 
autonomic storm) of a successful cardiac transplantation. Twenty-nine (63%) subjects 
experienced an autonomic storm, of which, six received esmolol, five received uradipil, one 
received nicardipine, and 17 received no treatment. A multivariate logistic regression model 
was used to assess potential predictors of the autonomic storm. The only predictor of the clinical 
manifestation of a storm was the neurological death cause, being anything but traumatic brain 
injury. After adjusting for cardiac biomarkers and smoking status, antihypertensive treatment 
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remained a predictor of preserved LVEF. No distinction among the different storm treatment 
effects was possible due to the small sample size. 
1.5.2 Pharmacological treatment of hemodynamic instability 
Almost every potential organ donor will require vasopressors after brain death to overcome 
profound circulatory instability, mostly hypotension attributed to vasoplegia or insufficient 
cardiac output. Despite this widely spread use, vasopressors have not been extensively studied 
in this clinical context. Due to potential cardio toxicity induced by the autonomic storm, the 
administration of beta-adrenergic vasopressors and inotropes to unstable organ donors is 
theoretically controversial. On the one hand, some advocate better kidney graft survival with 
the use of dopamine.145-147 In theory, dopamine could protect endothelial cells from oxidative 
stress induced during the cold ischemic time, a mechanism not mediated either by adrenergic or 
dopamine receptors.148,149 On the other hand, donors’ heart function may be further 
compromised by the administration of exogenous catecholaminergic vasopressors that mimic 
the effect of the autonomic storm.150 These concerns are theoretical and are extrapolated from 
physiological models.18,60,72 However, despite being scarcely reported in the literature, the 
possible link between the administration of catecholamines and heart dysfunction concerns 
enough clinicians that a dose limit on vasopressors is often recommended.151,152  
Only one randomized controlled trial (RCT) evaluated the use of a vasopressor in 
organ donors.148 This study compared the administration of low dose dopamine to usual care. 
The study primary outcome was the requirement of dialysis during the first week of kidney 
transplant. Other measured outcomes were serum creatinine, biopsy proven acute rejection and 
recipient mortality. A total of 487 kidney recipients were included in the study and 
demographics were generally well balanced between groups, except for a higher number of 
suboptimal kidneys in the dopamine group. The authors concluded that dopamine was 
associated with a significant reduction in need for dialysis (24.7% vs 35.4%; p=0.01). The 
beneficial effect of dopamine remained after adjustment for demographic imbalances (OR 0.54; 
95% CI 0.35-0.83). This study was well powered and adjusted for confounding factors, but was 
limited by a possible detection bias due to the absence of blinding.  Nevertheless, these 
promising results warrant further attention.  
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Although the results of this study were positive, concerns on the safety of dopamine in heart 
transplant remained. The same investigators thus conducted a nested-within-RCT retrospective 
study of 93 heart transplants (46 dopamine; 47 controls) and compared their LV function.153 LV 
dysfunction was defined as an impaired LVEF as per echocardiography, the need for a left 
ventricular assist device or the need for hemofiltration to handle volume overload. Biopsy-
proven acute rejection, graft failure and deaths were also monitored. Despite the retrospective 
design, demographics were well balanced between the two groups. However, the controls 
seemed at higher risk for the studied event due to the urgency status of their surgery. Only the 
requirement for hemofiltration was lower among the dopamine group compared to the control 
group in the intent-to-treat population (21.7% vs 40.4%; p=0.05). The per protocol population 
analysis also showed a reduced 3-month mortality in the dopamine group (5.1% vs 21.7%; 
p=0.03). Based on these results, the authors concluded that dopamine appeared at least safe in 
heart recipients. However, this study suffers from a lack of power to clearly demonstrate a 
difference in clinical outcomes related to dopamine administration in heart recipients and bears 
inherent biases to retrospective designs.  
The use of norepinephrine in deceased donors was only evaluated in one retrospective study that 
compared its administration to dopamine on survival after heart transplant.154  Because the 
authors observed a change in practice in the year 2000 implying a switch from dopamine to 
norepinephrine as the first line vasopressor, they compared patients transplanted before 2000 to 
patients transplanted after 2000. This study did not demonstrate any difference between groups 
on recipients’ overall survival. However, this study was limited by crossed-contamination of 
interventions between groups (around 20%), missing data and by the lack of randomization.154 
Based on the limited body of evidence, and despite some data suggesting a possible benefit of 
dopamine on kidney recipients’ outcomes, the controversy concerning the administration of 
catecholaminergic vasopressors to donors remains.  
No study prior to ours existed to evaluate the efficacy or safety of inotrope prescription to 
potential organ donors.155 Some inotropes (e.g., dopamine, epinephrine, dobutamine) share with 
vasopressors catecholaminergic effects, but others (e.g, milrinone) offer different mechanisms. 
In a retrospective observational cohort nested in a national pilot observational trial, we have 
analyzed the heart recovery outcome of 99 NDD donors exposed or non-exposed to inotropes.155 
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In this study, we observed that exposed donors tended to have more comorbidities than non-
exposed donors, but this finding was not statistically significant, possibility due to a lack of 
statistical power. However, the proportion of hearts recovered was not different between the 
two groups.155 These preliminary data suggest that the use of non-catecholaminergic inotropes 
may be safe in heart donors, but warrants further investigation.  
In summary, in the context of profound hemodynamic instability potentially compromising 
organ perfusion, the use of vasopressors or inotrope is often inevitable. However, the efficacy 
and safety of vasopressors and inotropes agents have not been sufficiently studied. Whether 
their administration has any negative impact on retrieved organs or on recipients’ outcomes is 
still debatable and the preferable agent remains unknown.  
 
1.5.3 Hormone replacement therapy 
After the publication of animal studies on the physiology of brain death and hormone deficiency, 
Novitzky et al. performed in 1987 the first clinical study on combined hormone therapy in 
humans after brain death.79 Based on his previous conclusions, 21 consecutive donors were 
treated with T3, cortisol and insulin with the hope of preventing hemodynamic collapse 
following the autonomic storm. The hemodynamic parameters (MAP, heart rate, CVP, 
bicarbonate and inotrope requirements) of the pretreated donors were compared with 26 
historical controls. The authors reported significant decrease in the need for inotropes and 
bicarbonates in the hormone replacement group.79 Although seemingly promising, the validity 
of this first study results is limited by the lack of sample size calculation and sound statistical 
analysis plan, the absence of randomization, and confounding factors such as initial MAP, 
volemia, vasopressors, fluid replacement strategies, monitoring aggressiveness and team 
involvement.  
Nevertheless, these first results almost immediately triggered practice changes, and hormone 
cocktails were soon prescribed to potential organ donors.156 An observational study including 
150 multiorgan donors described the use of a hormone cocktail in 52 of them deemed 
unacceptable for donation, mostly because of hemodynamic instability.156 The investigators 
then reported an improvement in organ function in 48 of the initially 52 unacceptable potential 
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donors with the treatment. They also reported similar survival rate (although no statistical 
comparison was made) between recipients from initially acceptable and recipients from 
converted-to-acceptable donors. The intervention encompassed not only a hormone therapy 
cocktail (e.g, Methylprednisolone 15 mg/kg; insulin minimum 1u/h with dextrose as needed, 
vasopressin 1 U bolus then 1.5 U/h and T3 4 mcg bolus then 3 mcg/h), but also of the use of 
invasive hemodynamic monitoring. The results of this study can be criticized for the lack of a 
control group. Also, in the analyses comparing the two groups, the effect of the hormone cocktail 
therapy cannot be dissociated from the effect of a change in practice, and the effect of time and 
aggressive monitoring on the donor.156  Despite these limits, this study influenced the future of 
organ donor care and research in organ donation: from then on, hormone therapy was established 
as a state-of-the-art intervention.  
Consequently, in 1999, a standardized management protocol including hormone therapy 
cocktail was implemented within the United Network for Organ Sharing 
(UNOS) organization.157 The impact of the combined hormone therapy (T3 or T4, vasopressin, 
insulin, methylprednisolone) was then evaluated in 2003, in a large cohort of 10,292 donors 
from the UNOS database.157 A total of 701 donors who received hormone therapy was compared 
with 9591 historical controls managed before the implementation of the protocol. Donors who 
received hormone therapy were younger, had lower creatinine levels and fewer had a history of 
diabetes, cancer or cardiovascular events. Despite these clinical differences, hormone therapy 
was associated with an independent and significant increase in the odds of organ transplant for 
all organs (ORs between 1.26 (95%CI 1.03-1.54)  and 1.82 (85%CI 1.35-2.44)), depending on 
the organ).  
Although the results of this study seemed promising, several limits may have compromised its 
internal validity. Exposed patients were managed between 2000 and 2001 as non-exposed 
patients were mostly managed before 1999. Differences in practices other than hormone therapy 
could explain the observed benefit. More importantly, during these years, interest in organ 
donation management increased and the 1995 publication definitely raised the interest in 
donation. As a consequence, teams were probably more aware of donor management issues and 
all the components of clinical management (monitoring, objectives, treatments) also improved. 
Although the investigators used a logistic regression model, residual confounding cannot be 
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excluded. Also, individual components of hormone therapy were not assessed independently 
precluding from drawing any conclusion on their separate effect.  
 Later in 2003, investigators published a second study, this time examining the effect of 
hormone therapy on the early outcome of heart recipients.158 Patients included in the study were 
selected from the 10,292 patients of the UNOS database. A total of 4543 heart recipients were 
further assessed, of which 394 received their heart from a hormone therapy-exposed donor and 
4149 from a hormone therapy-unexposed donor. Outcomes of interest as presented by the 
authors were recipients’ death within one month and early graft dysfunction. A multivariate 
regression model was performed on the mortality at one-month outcome. The authors also 
performed an unadjusted survival analysis (Kaplan-Meier curves comparison) comparing 
survival rate between exposed and non-exposed recipients. The investigators reported better 
survival rate, reduced mortality (OR 0.54; 95%CI 0.31-0.92) and lower risk of graft dysfunction 
(OR 0.45; 95%CI 0.28-0.72) with hormone therapy. However, exposed and non-exposed donors 
were again very different at baseline, and residual confounding, principally by co-interventions 
(monitoring, hemodynamic targets, type of vasopressor, fluid resuscitation), is still probable.  
Several other studies using similar designs compared actual donors with historical controls and 
reported benefits of the use of hormone therapy. Reported positive outcomes included an 
increase in lung procurement, in the number of donors, in the number of organs yielded and, in 
thoracic organs recovery159-162 Common to all those studies are the inherent biases of 
retrospective designs, and the impossibility of isolating the effect of the studied intervention 
from that of a change in practice. No RCT has evaluated the use of a hormone therapy bundle 
including a corticosteroid, thyroid hormone, vasopressin and insulin.  
 
Corticosteroids 
Corticosteroids are administered to NDD donors for their potential ability to blunt the 
inflammatory process secondary to brain death.101,162 The potential benefit from corticosteroids 
could include the prevention of organ damage mediated by pro-inflammatory mediators, the 
stabilization of cellular membranes, the reduction of cell surface adhesion molecules and the 
avoidance of lipid peroxidation following hypoperfusion.163,164 Some authors have also 
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hypothesized that glucocorticoids could alleviate inflammatory neurogenic pulmonary edema 
or compensate for a relative adrenal insufficiency secondary to brain death, and secondarily 
reduce the need for vasopressors. However, adrenal insufficiency in brain-dead donors has not 
been systematically observed, and cortisol levels are reported as low, normal and high.70,97,101,165 
 The efficacy of a corticosteroid prescription to NDD donors compared to placebo or 
standard treatment was described in two systematic reviews published by our group. 162,166 The 
first review included 11 RCTs and 14 observational studies.162 The second review meta-
analyzed the pooled results of the 11 RCTs.166  
Three RCTs included in the meta-analysis evaluated the effect of high-dose 
corticosteroids on the need for vasopressor in donors, and did not reveal any benefit (pooled 
RR 0.96; 95%CI 0.89-1.05).166-168 Similar results were found in the only observational study 
that compared the effect of corticosteroids to usual care on dopamine doses.169In critically ill 
patients, low-dose corticosteroids can be used to improve hemodynamic stability and reduce the 
need for vasopressors.170 In the context of organ donation, only one study, published after our 
meta-analysis, evaluated the effect of low-dose hydrocortisone on hemodynamic stability.171 
This study reported significantly lower vasopressor doses in the steroid group.171 However, due 
to its non-randomized clustered interventional design, this study is considered at serious risk of 
bias. Further comparisons of high dose methylprednisolone to low dose hydrocortisone did not 
reveal any difference on patients’ or graft survival.172 
In our meta-analysis, corticosteroids were not associated with any difference on organ 
donation success, on the risk of acute graft rejection at three months, or on the risk of 
graft dysfunction.166 Five of the 11 included studies were published in the 1970’s and 1980’s 
and the risk of bias was judged as high, as defined by the Cochrane risk-of-bias- tool for 
randomized trials.173-178 Also, cyclophosphamide was administered along with corticosteroids 
in the intervention group in four studies, limiting the extrapolation of the results in the actual 
context of practice.174-177 The isolated effect of corticosteroids was studied in four of the 14 
included observational trials of the systematic review.162 Corticosteroids were associated with 
an increase in time from brain death until cardiac death, 179 an increase in organs yield and 
improved oxygenation 169,179,180, and an increase in the number or the probability of lung 
procurement.169,181 As previously noted, the effect of corticosteroids was diluted by co-
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interventions, including hormonal therapy. Our systematic review highlighted the large 
heterogeneity in studied regimen, methodological designs and co-interventions, the high risk of 
methodological bias, and the lack of safety assessment.162 Potential risks of high dose 
corticosteroids include hyperglycemia and infections, both associated with detrimental effects 
in donors59.  
 
Thyroid hormones 
The second component of the initially proposed therapy bundle is thyroid hormones.156 Acute 
heart dysfunction following brain death has preoccupied investigators and clinicians since the 
first experiments in the Chacma baboon.72,74,79 Although the mechanism for heart dysfunction 
in donors has not been completely elucidated, a contribution from low level thyroid hormones 
secondary to anterior pituitary deficiency was initially proposed.  However, the pharmacological 
action, if any exists, of thyroid hormones in this context still needs to be elucidated, and various 
mechanisms are proposed. Very early in the medical literature, increased heart rate and cardiac 
contractility were observed in hyperthyroidism.182 Later, various animal models (rat, cat, 
baboon) suggested that acute exposition to T3 could increase cardiac contractility through the 
stimulation of a particular thyroid receptor located in cardiac myocytes.53,163,183-185 
Sarco/endoplasmic reticulum Ca2+-ATPase (SERCA) is the most important protein for calcium 
sequestration in sarcoplasmic reticulum during heart diastole. It reduces the quantity of calcium 
available during systole and improves ejection volume by a lusitropic action. SERCA is 
controlled by a regulatory feedback mediated by a protein called phospholamban.163,184 In vitro 
studies comparing rat myocytes exposed to T3 to non-exposed myocytes showed an increase in 
SERCA/phospholamban ratio, increased in calcium influx and a decrease in intracellular 
sodium.  T3 but not T4 has been shown to improve heart rate of pressure change in the ventricle 
(dp/dt), and this action would be independent of beta-adrenergic pathway.184 In humans, while 
some suggest improved heart performance and tolerance to aerobic exercise with the 
prescription of thyroid hormones to patients suffering from dilated cardiomyopathy, others have 
failed to demonstrate any difference in cardiac function despite an increase in the expression of 
the protein SERCA2a.186-192 However, a lack of statistical power is common to these studies.  
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Following catastrophic brain injury, inflammatory markers are released and a euthyroid sick 
syndrome, characterized by a reduction in conversion from T4 to T3, may be responsible for the 
observed low levels of thyroid hormones in donors. If the euthyroid sick syndrome is indeed the 
explanation for low thyroid hormones in neurologically deceased donors, the conversion of T4 
to the active form T3 would be compromised. In this context, the administration of T4 to donors 
is questionable and warrants further evaluation.193 A recent RCT observed no difference 
between T4 exposed donors and T3 exposed donors on vasopressor weaning.194,195 In the T3 
group, more hearts were transplanted, but the difference did not remain significant after 
adjusting for baseline imbalances between groups.194 However, the study included a total of 37 
neurologically deceased donors and suffers from a lack of statistical power.194  
Finally, limitation of the brain-death inflammatory induced cellular apoptosis by thyroid 
hormones is another proposed mechanism.196 However, no study has directly assessed this 
hypothesis in organ donors. Inflammatory markers (IL-6) release in donors has been associated 
with worst recipients’ outcomes.197 Whether thyroid hormone supplementation in donors could 
reduce the expression of inflammatory markers and hence, contribute to improved outcomes in 
recipients is still unknown.  
 
A well-conducted meta-analysis on the efficacy of thyroid hormones in donors was published 
in 2012.186 Thirty-seven studies were included in the systematic review, of which 16 were case-
series or retrospective audits and seven were RCTs. The review outcomes were hemodynamic 
stability, dosage of vasoactive drugs and number and retrieved organs quality. Meta-analysis 
was possible only for the four studies that compared T3 to placebo. No difference on cardiac 
index, use of vasopressors or any other outcome was found when pooling the study results. This 
review highlights the large difference between RCTs and observational studies effects and 
conclusions. Moreover, the body of evidence on thyroid hormone is limited to retrospective 
studies, as well as open-label RCTs. In observational studies, the observed benefit is probably 
inflated and biased by residual confusion, due mostly to a change in practice involving more 
aggressive monitoring, better defined therapeutic targets and better team knowledge, awareness, 
involvement and interest towards organ donor care. On the other side, open-label RCTs are 
prone to observer bias and to differences in co-interventions between groups due to the lack of 
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allocation concealment. In the hemodynamic management of organ donors, significant co-
interventions include among others monitoring aggressiveness, individualization of targets, 
fluid therapy, vasopressors and total management time. The systematic review also highlights 
clinical and methodological heterogeneity between the publications.  
After the publication of this systematic review, Novitzky et al. conducted a retrospective study 
of 66,629 neurologically deceased donors registered in the UNOS database between 2000 and 
2009, evaluating the use of thyroid hormones in NDD donors.78 This study stated that from 
these, 30,962 (48.7%) received thyroid hormones (T3 or T4) and the remaining did not receive 
thyroid hormones, and other components of hormone therapy were used with varying 
proportions. The investigators reported an unadjusted but statistically significant difference of 
12.8% in the number of organs recovered and of 15.3% of organs transplanted in favour of 
thyroid hormones. The difference persisted in all hormone therapy combination subgroup 
analyses. However, the subgroup of donors exposed to all four components (thyroid hormones, 
corticosteroids, antidiuretic hormone and insulin) had the highest number of organs procured. 
Following their multivariate analysis, the authors concluded that the administration of thyroid 
hormones was independently associated with an increase in organ procurement (ORs from 0.96 
(95%CI 0.91-1.02) to 1.31(95%CI 1.23-1.40), depending on the organ).  
Although the administration of thyroid hormones in studies appears unrelated to any worsening 
of donors or recipients’ outcomes, the safety of this practice has not been specifically assessed. 
Animal models suggest that exogenous thyroid hormones increase oxidative stress and 
mitochondrial permeability in livers, as shown by increased liver transaminases and oxidize 
glutathione.198,199 Increased risk of primary liver malfunction with the use of a hormone therapy 
cocktail was also suggested.  The liver dysfunction was attributed to ATP depletion induced by 
thyroid hormones, and as a result, a reduction in the adaptive response to the stress caused by 
the ischemia/reperfusion injury.200 Also, hypothyroid status is thought to be protective against 
anoxic ischemia in livers and kidneys, and a small experimental model in rats suggested that the 
administration of PTU, an antithyroid drug, increases reduced-glutathione, the main liver free 
radical scavenger.201,202 Again these findings were not corroborated by clinical studies, but the 
safety of thyroid donors on recipients’ liver function has not been the primary focus. Although 
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the latest observational study by Novitzky et al. suggested an increase in the number livers 
recovered from thyroid hormone-exposed donors, this topic warrants further research.78 
 
Insulin 
In the earliest studies of hormone replacement therapy in donors, insulin was included as the 
third component of the bundle. The regimen specified a minimum of 1 u/h of insulin, and 
dextrose was allowed to maintain glycemia within the normal range.156 In the subsequent 
retrospective studies, the role of insulin within the cocktail became unclear, and its effect was 
not analyzed independently.157,158 Nowadays, it is common to administer insulin to critically ill 
patients, including to organ donors, to maintain glycemia in the normal range.151,152 However, 
the rationale for the administration of insulin to donors as part of a hormone therapy cocktail 
goes beyond the management of hyperglycemia, and includes possible inotropic effects. High-
dose insulin combined with glucose and potassium (GIK) is thought to have beneficial effects 
on heart function. GIK was first studied in patients suffering from chronic LV dysfunction, acute 
myocardial infarct and in post cardiac surgery period. These studies suggest a reduction in 
inotropic support needs and a reduced incidence in low cardiac output.203,204 A meta-analysis of 
RCTs comparing GIK with control in heart surgery patients drew similar conclusions.205  
Protection against ischemia-reperfusion injury seems to be independent of glucose, conferring 
a cardio-protective effect to insulin. Early models hypothesized that the action of insulin implies 
the promotion of cardiac glycolysis and the inhibition of free fatty acids. Moreover, insulin may 
activate tyrosine kinase, phosphatidylinositol-3-kinase and Akt cell survival pathways, thus 
reducing apoptosis.203  
Only one study has evaluated the effect of GIK on LV dysfunction in NDD donors, and this 
study compared its effect to dobutamine.206 This prospective crossover study included 12 
subjects with a LVEF equal or less than 30%. Echocardiography was performed at the baseline, 
after a 30-minute dobutamine infusion, 30 minutes after stopping the dobutamine infusion and 
after 120 minutes of GIK infusion. Both dobutamine and GIK infusions were associated with 
an increase in LVEF without any difference between the two strategies. However, GIK resulted 
in less hypotension and tachycardia than dobutamine. This study concluded that GIK was a least 
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as efficient as dobutamine at increasing cardiac contractility, and was better tolerated. However, 
this study suffers from a small sample size, and a time-related improvement cannot be ruled out, 
this being a major limitation in crossover trials.207 
 
Vasopressin (ADH) 
The last component of the original hormone therapy bundle was ADH. 156 ADH is a 
small 9-amino-acid peptide released in the blood after an increase in serum osmolality or a 
decrease in blood volume.208 Changes in osmotic pressure are detected by osmoreceptors 
situated principally in the hypothalamus.208 Baroreceptors situated in the cardiac atria, the 
carotid sinus and the aorta detect changes in blood volume.208 Many stimuli including chemical 
substances (e.g.; alcohol, opiates, nicotine) and hormones (e.g.; estrogens, progesterone, atrial 
natriuretic factor) are also responsible for a modification in ADH release.208 ADH is synthesized 
in the magnocellular neurons of the hypothalamus and is subsequently released in the blood 
from the posterior pituitary gland.208 Then, it binds to three specific receptors from the G-protein 
coupled receptor family: V1a, V2 and V3.208 Receptors V1a, specific to ADH, are located on 
the smooth muscle wall of the blood vessels, the liver, the brain, and the adrenal glands and their 
stimulation is responsible for the vasopressor effects of ADH analogues.208,209 Binding to V2 
receptors in the apical membranes of the renal collecting duct provokes water reabsorption via 
the phosphorylation and insertion of aquaporines.208 Vasopressin is a commercially available 
synthetic form of ADH. Three other vasopressin analogues are available: desmopressin, 
lypressin and terlipressin. They differ only by their time of onset and their length of action.210 
The efficacy of vasopressin at optimizing donors’ and recipients’ outcome still needs to be 
evaluated. However, a pharmacologic rationale for its use exists since an autonomic dysfunction 
is thought to  increase the sensitivity to vasoactive effects of vasopressin.70 Using low dose 
vasopressin could therefore reduce the need for beta-adrenergic vasopressors.51,211,212 
Preliminary interventional studies comparing vasopressin to placebo or epinephrine in NDD 
donors suggested an increase in donor survival time and a benefit on hemodynamic parameters. 
However, these studies were limited by their small sample size, the absence of randomization 
and/or the absence of blinding.213,214  
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The isolated hormonal replacement potential of vasopressin has been evaluated in two large 
retrospective studies on data from the OPTN.215,216 In the first one, donors exposed to 
vasopressin were compared to non-exposed donors and the number of donors in whom at least 
four organs were retrieved was evaluated.215 The incidence of graft refusal due to early 
dysfunction was also compared. This study found a significant increase in the number of donors 
of four organs or more after adjustment for age, gender and other risk factors. The analysis also 
showed  reduced refused grafts based on univariate analysis.215 In the second study, the primary 
objectives were the incidence of organ retrieval, the pulmonary function in donors and the 
incidence of pulmonary dysfunction in recipients.216 In this study, the administration of 
vasopressin was associated with a benefit on pulmonary function in donors and an increased 
number of organs retrieved.216 In both these observational studies, the incidence of vasopressin 
exposure was high (75% and 62%, respectively).215,216 Although multivariate regression 
adjusted the results for confounding factors, residual confounding is still possible.  
1.6 Professional knowledge in organ donor management 
As we have presented earlier, the body of high-level evidence supporting any 
pharmacological agent in the organ donor care field is scarce. The vast majority of commonly 
prescribed pharmacological interventions in the context of an autonomic storm or of 
hemodynamic instability are supported by observational studies designed after theoretical 
models of neurological death. However, despite the equivocal role of individual therapies, organ 
donor care has improved over the past decades, and professional involvement and interest in the 
field may have played a key role in success. Given the importance of recovering high quality 
organs in a time fashion manner, standardized processes for organ donation have developed. 
These processes often include the development of standard drug prescriptions, the involvement 
of experts in family support and sometimes, the elaboration of research protocols. At the centre 
heart of all these highly structured and complex process, are the organ donation organizations 
(ODO). Since these institutions play a crucial role in facilitating the overall course of organ 
donation, on-site professional knowledge on the best evidence supporting organ donor care 
directly depends on the quality of ODO’s educational programs, and on the ability of their 
professionals to interpret the evidence. 
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1.6.1 Organ donation organizations and coordinators 
Before the advent of organ donor organizations, few information concerning the 
availability of organs for transplant was shared between institutions. Often, donors and 
recipients were brought to the same centre, where transplant surgery occurred.35,36 If patients 
needed to be transferred from non-transplant hospitals to transplant hospitals, brain death 
diagnosis had to be reconfirmed. With the increase in the need for transplant organs and the 
better recognition of brain death criteria, the necessity for specialized and centralized 
organizations became obvious.7 The first roles of these organizations were to organize organ 
banks and to facilitate organ transfer in broad geographical areas. Nurses and laboratory 
technicians were the first employees of these new organizations.  
The role of ODOs has largely expanded since the 1970’s. Today, ODOs interact with 
healthcare professionals and with the public, as they stand at the centre heart of organ donation 
and transplantation processes. Roles that have been attributed to ODOs are multiple and include 
clinical tasks, research, training and education of healthcare professionals, and management.217 
Trained donor coordinators on hospital sites have also been recognized as key players in the 
identification of potential donors, in the effectiveness of the donation process and in the 
optimization of the quality of organs.218 The donor coordinator role, traditionally assumed by a 
nurse or a physician, implies the ability to provide educational and organizational 
recommendations to improve donation process within the institution.218 However, few studies 
have evaluated these knowledge translation interventions. A systematic review of the impact of 
critical pathways in the organ donation process highlights the lack of studies on the topic. The 
review has included only one study after screening 568 entries. The cited study describes an 
approach where a care pathway is provided by a multidisciplinary team and includes practice 
guidelines, referral strategy, brain death diagnosis, consent process, and donor management. 
However, the effect of this care pathway intervention has not been directly evaluated.218 Since 
donor coordinator and ODOs play important roles in the donation process, including 
interventions and education on donor management, not only the implementation of new 
management strategies needs to be adopted by these key stakeholders, but the quality of 




1.6.2 Knowledge assessment 
Because of the paucity of primary literature, both the Canadian and the American 
guidelines’ recommendations rely mostly on observational data and expert opinions.152,219 Few 
RCTs support the use of recommended pharmacological interventions,  and their efficacy and 
safety remain unknown.220 Guided by the ODOs, centres have implemented local protocols to 
assist clinicians in their bedside clinical management of NDD donors. These protocols are more 
than often a short summary of the guidelines and include the administration of hormone therapy 
and vasopressors, despite proven efficacy.221 Multidisciplinary team work and medical 
involvement in the care for donors have been identified as facilitators to organ donation, but 
professional beliefs on the utility of these standardized pharmacological interventions have not 
been studied.222-225 Despite uncertain physiological rationales, these therapies, first studied in 
the early 1980, are still extensively recommended and cited in donor management reviews.220 
We can therefore question the actual knowledge of the health professional community on the 
evidence behind the routine care interventions. Pharmacotherapy knowledge would need to be 
assessed through validated questionnaires, but none has been developed yet.  However, several 
questionnaires report limited knowledge or self-confidence of healthcare professionals 
regarding organ donation process. These reports focus on attitudes and beliefs regarding organ 
donation in general, and on brain death diagnosis criteria, donor acceptability and family 
consent interventions.226 Results of the studies generally demonstrate a correlation between 
personal beliefs, self-perceived competencies or experience and attitude towards organ 
donation.227,228 A certain degree of misunderstanding of the concept of neurological death 
among medical students and nurses is also reported.226,227,229,230 Again, no questionnaire or 
survey evaluates healthcare professionals’ competencies or self-perceived clinical management 
of NDD donors.  
1.7 Research on organ donor care 
Despite obvious growing interest for the topic, few RCTs evaluating any intervention 
for the management of NDD donors have been published in the last years. Because of a very 
particular clinical context involving not only hospital centres but also ODOs, research in organ 
donation faces many challenges that may have impaired interventional research. First, the 
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context of organ donation is unique in the sense of the multiple partners involved in the care of 
the donor and the recipients. The management of donors in one centre implies ICU physicians, 
surgeons, nurses and allied health-care professionals and ODO professionals. Then, organs are 
transplanted in up to eight different recipients, implying again physicians, surgeons, nurses and 
other professionals. Conducting interventional research in donors necessarily implies multisite 
research and ethic committee approval. Consenting neurologically deceased donors’ families to 
research and recipients is also challenging.231  
Clinicians and investigators may be reluctant to modify any conduct that they judge 
efficient. Since 1995, improvement in organ donor care and in available organs for 
transplantation has been attributed, at least in part, to pharmacological interventions such as 
hormone therapy. Because these commonly used strategies are not perceived to cause any harm, 
although effects on non-target organs have not been properly evaluated, physicians may wish to 
pursue their use even in the advent of neutral effects. However, some interventions that are not 
used widely could benefit donors’ organs and recipients, and their proper evaluation is pertinent. 
As an example, interventions on the prevention or the treatment of the adrenergic storm have 
not been prospectively studied. Beliefs in the existence or the non-existence of the adrenergic 
storm or of its consequences may be responsible for the lack of research interest in the topic. No 
study or survey has evaluated research interests of investigators and clinicians in organ donor 
management.  
At the end, organ donation is a recent field, and interest for research on dead subjects 
may not appear be as important as in living patients. And finally, determination of the best 
clinically relevant outcome in organ donor management is still to be determined.231  
 
1.7.1 Ethical challenges and outcomes in organ donation research 
Research in organ donation share challenges with research pertaining to other fields, but 
encompasses issues specific to the context. The research model on neurologically deceased 
donors typically implies the administration of a research intervention to a deceased donor. The 
goal of research is to measure outcomes either on the donor’s organs, on recipients or both. 
Studies that limit outcome measurement at the donor’s level often report the number of organs 
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recovered/transplanted per donor, specific organ recovery rate, or organ function as study 
endpoints. Organ function is often evaluated using biological markers or functional tests.  
The principal issue with measuring the effect of intervention at the donor level is implicit to the 
use of surrogate variables. In the context of organ transplant, favourable outcome on a donor’s 
organ does not necessarily translate into a favourable outcome in the recipient. For example, a 
study aimed at evaluating the relationship between the concentrations of uMCP-1 (a marker of 
acute kidney injury) in donors and recipients’ delayed kidney graft function. The study observed 
only modest correlation, limiting the clinical utility of this biomarker.232 Risk index such as the 
kidney donor profile index (KDPI) calculated on the donor’s history profile is better correlated 
with transplant outcomes. However, the KDPI is not meant to evaluate the effect of an 
intervention on the donor’s organ function and depends solely on donors age, weight and height 
and pre-existing comorbidities.233 Acute kidney injury often occurs after neurological death, and 
although the rise in serum creatinine levels may be only transient in some donors, the discard 
rate for acute kidney injury kidneys is around 30%, compared with 18% for kidneys from donors 
with no acute kidney injury.234 Whether the occurrence of acute kidney injury translates into an 
increased risk for early graft failure or long-term allograft survival for the recipient is an 
understandable concern for clinicians. However, recent studies fail to demonstrate any 
relationship between donors acute kidney injury and recipients risk for graft failure, despite 
recipients from donors with acute kidney injury being older and having a longer mean cold 
ischemia time.234-236  
Similar observations to the lack of clear association between acute renal injury in donors with 
kidney transplants outcomes can be observed in the heart transplant situation. Because surgeons 
are reluctant to transplant organs with obvious dysfunctions, the impact of transplanting a heart 
with reduced LVEF in donors on recipients’ outcome is unknown. In heart transplant, reduced 
LVEF is responsible for 25% of heart non-acceptance, but no difference in recipients’ mortality 
or cardiac allograft dysfunction is observed between recipients from a donor that presented 
reduced LVEF during their ICU stay than recipients from donors with at all-time normal 
LVEF.138 As a consequence, the true importance of achieving normal (>50% in Quebec) LVEF 
in donors is uncertain.  
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Extrapolating from the kidney and heart example, actual acceptance criteria for every potentially 
transplantable organ can be questioned, and optimal outcomes should be studied before 
conducting any clinical research at the donor level. Then, distinction should be made between 
recipients of the research-target organs from recipients from research non-target organs.  For 
example, in a study evaluating an intervention on the need for dialysis in kidney recipients 
(target organ) the impact of the intervention on the liver or heart graft function of other recipients 
(non-target organs) should be taken into account.237  
 
However, since donors and recipients may not be taken care of in the same institution, research 
becomes a real challenge and this reality probably explains in part the lag in organ donation 
research. Only a centralized organization that would be responsible for research administration 
could overcome this issue.237 ODOs centralized research could permit to allocate research 
subjects efficiently, especially in wide geographical areas, and facilitate and coordinate multi-
centre research through a single institution review and ethics board.   
In the US federal regulation “Common Rule,” Human subjects as designated by the law, refer 
to living human beings.238 The FDA defines human subjects as either healthy humans or 
patients, two definitions that do not encompass neurologically deceased subjects.239 Consent to 
research is meant not only to protect the research subject from harm, but also to ensure respect 
of autonomy and dignity.240 For obvious reasons, research intervention cannot inflict direct harm 
to the deceased donor, but it may compromise the donor’s and its family’s gift wish by affecting 
organs’ quality or suitability. 241 Therefore, controversy among the scientific community 
concerning these definitions and the need for consenting neurologically deceased donors’ 
families to research remains. Members of the scientific community still identify donor research 
as human research, and they believe that informed consent is required, even when the 
investigation is limited to donors’ data.242 A high proportion of the lay population still have 
inaccurate beliefs and thoughts concerning organ donation, including the idea that a black 
market for organs exists, that consenting to organ donation will reduce the medical propensity 
to cure them from sickness, or that a neurologically deceased patient can recover from its 
terminal injuries. One major concern is that consenting families to research in organ donation 
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can add a layer to the misunderstanding and result in a decrease in global organ donation 
consent.  
Awareness on the need for an appropriate consent model for recipients from research donors 
has risen as highlighted by the publication of a complaint by the advocacy group Public Citizen 
to the Office for Human Research Protections concerning the randomized trial on hypothermia 
published in the New England Journal of Medicine in 2015.243,244 The letter claims that not only 
neurologically deceased donors included in the study were inappropriately designated as human 
subjects, but also, that it lacked recipients’ consent.  
Two different aspects of consent need to be distinguished concerning recipients: the clinical 
consent to receiving an organ from a research donor and the research consent to either provide 
personal data or to undergo research interventions.241,244 In the situation where data are collected 
in recipients that extend beyond the usual follow-up (e.g., biopsy, imaging, blood samples), or 
when a study intervention is applied directly to the recipient, the need for consenting the 
recipient to research is unequivocal.244 However, in the advent of the investigators collecting 
data pertaining to the usual recipient follow-up (e.g, living status, need for hemodialysis, routine 
blood work), the need for consent is controversial, and not required if all data are anonymized.241 
The only fact of receiving an organ from a donor included in a study does not by itself imply 
that the recipient is a human subject of research, under the law.244  
Obtaining nominal data from recipients is more challenging and needs further assessment. In 
the advent where investigators are unable (because not allowed as in the province of Quebec) to 
link information from donors to recipients renders prospective research informed consent of 
recipients impossible.244 Therefore, when the recipient does not provide research data beyond 
usual care, the most efficient way to ensure transplant recipient’s protection is to obtain 
informed clinical consent on the organ to be transplanted, and this includes the transparent 
information of donors’ research.244  
Prospective research, notably RCT design in the organ donation context is complex and needs 




2. Current gaps in the literature 
Gaps in the literature of the management of NDD donors are multiple and pertain to 
many steps along the way. Rationale for the use of the actual pharmacological arsenal needs to 
be re-questioned and reinterpreted based on human data. No literature exists actually to describe 
the beliefs of the medical community towards the interventions in the management of NDD 
donors. It is also unknown whether the management of NDD donors varies between individual 
physicians and between countries around the world.  
The definition and the impact of the adrenergic storm are not known outside animal 
models, and the effect of its prevention is not demonstrated. Also, some hemodynamic 
parameters have not been systematically assessed as potential consequences of neurological 
death. Specifically, the actual literature describes extensively the impact of neurological death 
on LV function, but its impact on RV function has not been described. Whether interventions 
directed on RV pressures could help prevent subsequent hemodynamic instability is unknown.  
The actual donor management strategies rely mostly on observational data and extrapolation 
from animal models. Few RCTs have been published on the topic. 
Until now, no RCT has been conducted in Canada in the context of NDD donor research. 
The ability of recruiting donors, and evaluating pertinent outcomes in recipients is particularly 
challenging and barriers to the implementation of a study need to be identified, then prevented.  
 
3. Objectives and hypotheses 
The general objective of this thesis is to characterize the actual hemodynamic 
management of NDD donors and its evidence-based level. We also aimed at determining reasons 
for the use of low-level evidence. To meet our objectives, we designed a systematic review of 
international guidelines on the management of NDD donors and a survey of Canadian ICU 
physicians that aimed at describing self-perceived practices on NDD hemodynamic 
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management. In order to understand gaps in the literature and barriers to research on the heart 
dysfunction, we described echocardiography results in a population of NDD donors and 
assessed the use of levothyroxine compared to placebo in NDD donors with LV dysfunction. 
The objectives of this thesis are achieved through four research protocols that use four different 
research methodologies. The research was carried out from 2014 to 2018, leading to four 
research articles:  
 
Articles 1 and 2 
The actual hemodynamic interventions for the care of NDD donors rely mostly on animal 
models and observational data. Therefore, interpretations of the literature and resulting medical 
decisions may differ between individual physicians and between countries, potentially resulting 
in variability in transplant organ results. The recommendations drawn from the low-level of 
evidence body of literature in international guidelines have not been described, nor has been 
reported the individual ICU physicians’ perception of their practice regarding the hemodynamic 
management of NDD donors within this context. Article 1 aims to identify the published and 
non-published guidelines and to characterize their recommendations. Our goal is to draw a 
portrait of the actual management of NDD donors in the world. We also describe the quality of 
reporting of the guidelines. We hypothesize that the recommendations will vary around the 
world, will rely on low evidence literature, and that the quality of reporting of the guidelines 
will be low. Article 2 aims at describing self-perceived practice of Canadian ICU physicians 
concerning the hemodynamic management of donors, with an emphasis on the diagnosis and 
treatment of the autonomic storm, and on the prescription of inotropes and hormone therapy. 
We surveyed ICU physicians working in Canadian centres, which permitted to characterize 
actual opinions regarding the actual recommendations in donor care. We hypothesize that 
variability in practice exists in the country, especially on the pre-identified areas of uncertainty, 
because of the paucity of the literature, and that ODO nurses play an important role at 





 LV dysfunction is frequently reported in NDD donors, and animal models have 
permitted to generate hypotheses concerning its causes. However, despite advanced general ICU 
care and the use of potentially useful treatments based on proposed mechanisms, the frequency 
of LV dysfunction is still preoccupying clinicians and is reported as a limiting factor for heart 
transplant. We suspect that other mechanisms may be implicated in the observed heart 
dysfunction and the hemodynamic instability in donors. The right ventricular function has not 
been described in this population. We used echocardiography results in a population of potential 
heart donors following neurological death to characterize RV and LV function. We also assessed 
potential factors that may be associated with heart function. We hypothesize that RV 
dysfunction will be frequent in NDD donors, and that despite LV and RV dysfunction probably 
sharing common causes, RV dysfunction may present differently.  
 
Article 4 
Given the paucity of literature in NDD donor care, especially of RCTs, and the ethical 
issues specific to the context of organ donation, Article 4 aimed at evaluating the feasibility of 
conducting a RCT in a single centre on a population of NDD donors. Therefore, we performed 
a pilot RCT comparing the administration of a levothyroxine infusion to a placebo in NDD 
donors to understand and identify barriers to research in organ donation. We hypothesize that 
limiting factors will include obtaining a waiver of consent for research in donors and identifying 
the inclusion criteria to represent the target population.  
 
Altogether these articles are the first to investigate the variability of recommendations and 
medical decisions in the hemodynamic management of NDD donors. These studies lay the 
foundations for understanding the actual clinical management of donors, for describing 
mechanisms of RV dysfunction and for identifying future needs for bench to bedside research. 
This thesis has a direct impact on the insight that clinicians may have on their actual practice. It 
highlights the importance of identifying predictors of research success, including the 
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understanding of mechanisms leading to the observed hemodynamic instability in human NDD, 
and more importantly of their consequences in recipients. Finally, it opens the door to the future 
possibility of focusing on new interventions to improve donor care and recipients’ outcome, 
thereby abandoning futile treatments.  
 
Chapter II: Methodology and results 
1. Overview of the methodology 
This thesis is composed of four articles (three published and one submitted) representing 
four different research methodologies. The method section of individual research projects is 
described in the published (submitted) articles and therefore, will not be repeated in this section. 
However, we provide supplementary methodological information relevant to the following 
articles: 
1.1 Worldwide management of donors after neurological death: a systematic 
review of guidelines  
This article was submitted for publication to Critical Care Medicine. The research methods are 
detailed in the article. In summary, we designed a systematic review of clinical practice 
guidelines that include recommendations pertaining to the clinical management of 
neurologically deceased donors. The objective of this systematic review was to identify actual 
available guidelines for organ donor care, to draw a portrait of the recommendations and to 
describe their methodological quality. The following sections will present information and 
rationale for the clinical practice guideline definition used in the review, and will present the 
AGREE-II validated instrument that was used for the evaluation of the methodological 
quality. 
1.1.1 Clinical practice guideline  
For the purpose of this systematic review, we elected to include clinical practice 
guidelines defined as “documents endorsed by an ODO, a professional society, or a government 
 
61 
and that aim at directing the medical management of adult neurologically deceased multi-organ 
donors”. This definition was elaborated and discussed among the investigators, and is the result 
of a consensus. The Institute of Medicine defines clinical practice guidelines as « systematically 
developed statements to assist practitioner and patient decisions about appropriate healthcare 
for specific clinical circumstances».245,246 To this definition the Institute adds that clinical 
practice guidelines should be preceded and informed by a systematic review of the evidence, 
and that recommendations should be the result of the analysis of the balance between benefits 
and harms.245 We decided to use a broader definition of clinical practice guideline to include 
documents lacking rigorous systematic review of the evidence or evaluation of balance and risk 
to draw a realistic picture of the actual recommendations for the organ donor care. Few 
randomized controlled trials are available in the field, and we therefore expected 
recommendations to rely on lower quality of evidence and expert opinions. Since the standards 
for developing clinical practice guidelines recommends multidisciplinary group of experts and 
external review, we excluded local protocols in our systematic review.  
1.1.2 Evaluation of the quality of reporting for guidelines 
The purpose of guidelines is to lead clinicians towards best practice interventions, with 
the intent of improving patients’ outcomes. The AGREE collaboration defines guideline quality 
as “the confidence that the potential biases of guideline development have been addressed 
adequately and that the recommendations are both internally and externally valid, and are 
feasible for practice”.247  In 2005, a systematic review identified 24 appraisal instruments of 
clinical practice guidelines quality.248 This number had increased to 40 in 2013.249 From these 
40 instruments, only six, including the AGREE-II instrument, were validated.249 The 
comparison between the instruments included a comprehensive literature search and item 
generation steps. As a result, 24 items covering 13 quality dimensions mandatory to a guideline 
appraisal instrument were listed.249 The AGREE-II instrument covers 100% of the quality 
dimensions  and 76% of the selected items and constitutes the best validated instrument to 
conduct a comprehensive evaluation of guidelines quality.249 Only one instrument, the DELBI 




Developed in 2013 by a group of researchers from 13 countries, the AGREE-II 
instrument was designed to evaluate the process of guideline development as well as the quality 
of its reporting.247,250 The first edition of the instrument comprised 24 items grouped into five 
domains (scope and purpose; stakeholder involvement; rigour of development; clarity and 
presentation; applicability), and a 4-point Likert scale was used to score each item.250 The 
instrument was field-tested by 194 appraisers on 100 guidelines from 11 countries. The mean 
item score was calculated for each of the guidelines and reliability of the instrument was verified 
using the Cronbach alpha coefficient (internal consistency of each domain) and intraclass 
correlation (within domain reliability for 1, 2, 3 and 4 appraisers).250 Several assessments of 
validity were added to the reliability (face validity, construct validity, criterion validity).250 The 
reliability analysis using a varimax rotated factor matrix demonstrated good relevance for the 
selected items (coefficients varying from 0.589 to 0.804) and suggested the need for the addition 
of a 6th domain (editorial independence). The inter rater reliability analysis, however, 
demonstrated that at least 4 appraisers were needed to maintain sufficient intra-domain 
reliability (ICC varying from 0.57 for domain 4 to 0.91 for domain 3).250 In the following years, 
the instrument was modified to introduce a seven-point assessment scale for the items instead 
of the previous 4-point scale.251  The instrument was retested by 192 appraisers on 10 guidelines 
with various known quality. On this new version, reliability was assessed using only exploratory 
analyses.251 Intra-domain internal consistency varied from 0.64 (editorial independence) to 0.89 
(rigour of development)two to five raters were needed to assure the reliability of 0.7, depending 
on the domain.251 The construct validity of the 7-point scale AGREE-II instrument was tested 
and demonstrated discrimination between low and high quality guidelines.252  
 
1.2 A Canadian survey of critical care physician’s hemodynamic 
management of neurologically deceased organ donors 
This article was published in the Canadian Journal of Anaesthesia in 2019,253 The research 
methods are detailed in the article. In summary, we surveyed Canadian intensive care 
physicians that work in organ donation high-volume centers with the objective of describing 
self-perceived practices in the context of knowledge about, and experience with, 
 
63 
neurologically deceased donor care.  For this survey, we manually established a list of 
potential respondents rather than using pre-existing membership lists. A rationale for this 
decision is provided below. In the following section, we also provide a rationale for surveying 
the whole target population rather than a sampling. 
 
1.2.1 Listing of survey potential respondents 
A survey is meant to represent the opinion of a target population. A selection bias often occurs 
when the survey potential respondents do not accurately represent the target population. 
Selection biases in surveys can occur through coverage, nonresponse or voluntary response 
biases. In the critical care field, surveys are often employed to assess self-perceived physicians’ 
practice, awareness or opinion on a target intervention. 254-257 
Most commonly, when targeting the population of intensive care physicians, survey 
investigators identify and contact potential respondents through critical care societies 
membership or critical care meeting lists.255,256 Although this strategy seems appealing because 
time and money sparing, the use of membership lists threaten the validity of survey responses 
by increasing the risk for under coverage and voluntary response. Not all intensive care 
physicians of the target population are members of societies or attend meetings. We can 
postulate that these potential respondents are restrained from the possibility of responding to the 
survey, resulting in a coverage bias. Also, physicians that are members of critical care societies 
probably differ from non-members in their knowledge, motivations, case exposure and 
voluntariness. We believe that surveys should be administered to all potential respondents of 
the target population or that when a sample is used, the probability of receiving the survey be 
equally distributed (or weighed) between potential respondents. However, lower response rates 
could be expected from this strategy than from surveys administered to a group of society 




1.2.2 Survey sampling  
In survey methodology, two principal types of sampling are generally described:  probability 
sampling and non-probability sampling, the first being the only suitable sampling method when 
inference to the target population is intended. Non-probability sampling is therefore usually 
considered inappropriate to statistical quantitative research. However, non-probability sampling 
may be appropriate in some particular situations.259 For example, when the whole population of 
interest is small, and that individuals of the population of interest share uncommon 
characteristics, total population sampling, a type of purposive sampling, is often used. In this 
situation, participants are selected based on the investigator’s knowledge about the study 
population, which is considered definite.259,260 An expert sampling, as used in our survey, is a 
type of purposive sampling. Whole population sampling reduces the risk of selection bias, but 
necessitates that the list of potential respondents of the whole population is accurate and 
exhaustive.260 Also, the impact of the non-response bias is usually considered more important 
in whole population sampling that in probability sampling, because non-respondents are not 
missing at random. 
1.3 Right ventricular dysfunction in neurologically deceased organ donors: 
an observational study in a tertiary-care organ donor referral centre 
This article was published in the Journal of Critical Care in 2019.261 The research methods are 
fully described in the article.  
1.4 A pilot randomized controlled trial comparing levothyroxine to placebo 
in neurologically deceased donors 
This article was published in Progress in Transplantation in 2019.262The research methods are 
detailed in the article and comply to the extended CONSORT statement for randomized and 
feasibility trials.263 Criteria for determination of success for the pilot trial were elected by 
consensus between the investigators based on the primary feasibility objective. In the next 
section, we comment on the objectives and sample sizes of pilot trials. 
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1.4.1 Objectives and sample sizes determination in pilot trials 
The rationale for conducting a pilot trial can be related to the need to evaluate the process of the 
study and the feasibility of the needed steps, the needed resources including budget and time, 
the optimal management or some scientific related issues.264 It is meant to explore areas of 
uncertainty about a definitive trial.263 Because of the emotional nature of the topic and the need 
to conduct research in a time-sensitive fashion, clinical research on organ donation, although 
necessary, is expected to bear its load of challenges. Before investing budgets and man power 
in a definitive RCT, we believed that information on the research process and on potential 
barriers to research was needed, and we therefore elected to design a pilot trial to evaluate the 
feasibility of a RCT comparing levothyroxine to placebo in deceased donors.265 
In the medical literature, the terms “pilot studies” and “feasibility studies” are often confused, 
used as synonyms or as opposed concepts.265 We propose to adopt the proposed conceptual 
framework developed by Eldridge et al. that defines a pilot study as “a study in which a future 
study or part of a future study, is conducted on a smaller scale to ask the question whether 
something can be done, should we proceed with it and if so, how”.265 Implicit to the definition 
of a pilot trial is the concept of a small-scale try-out or the implementation of a research project 
in a certain setting before the conduct of a full-scale project.263 Feasibility therefore asks the 
question whether it is possible to achieve something and evaluates the needed processes. All 
pilot studies are considered feasibility studies, but all feasibility studies are not pilot studies.265 
In 2016, the Consolidated Standards of Reporting Trials (CONSORT) statement added an 
extension for pilot trials to its previous checklist for the quality of reporting of randomized 
trial.263 This adapted checklist from the most recent version of the randomized controlled trial 
checklist was developed though a Delphi process and piloted.263 This report recommends that 
the primary objective of pilot trials should focus on the assessment of feasibility measures and 
that the inclusion of outcome measures is facultative.263 The definition of the study objectives 
should be clear and explicit and the criteria to determine success based on these objectives be 
determined a priori.266 However, criteria to determine success of a pilot trial remain undefined 
and the conclusion to the feasibility or non-feasibility of a definitive trial  appears largely 
subjective.264 For example, in the Prophylaxis of Thromboembolism in Critical Care Trial 
(PROTECT), criteria for success included the following: 98.5% of patients received study drug 
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within 12 hours of randomization; 91.7% of patients received every dose in a blinded manner; 
90% or more patient had a lower limb compression ultrasound performed; 90% or more of 
necessary adjustment doses were performed.267 
  
In comparison, the Age of BLood Evaluation (ABLE) trial determined success based on the 
following: 90% or more compliance to treatment strategies (transfused red blood cell by stored), 
and the definitive trial was deemed feasible since 73% of patients complied to this criterion.268 
 
Similarly, little guidance is published on the sample size justification or on success criteria for 
pilot trials. Various methods for the justification of a pilot trial sample size have been proposed 
and these include the confidence interval for a given precision around the anticipated valued, a 
defined proportion of the planned sample size of the future definitive trial or a convenience 
sample with proposed sample sizes varying from 12 to 50 subjects per group.264,269 Given that 
no clear guidelines are proposed to set a pilot trial sample size, investigators have to weigh the 
balance between the risk of variance imprecision with the risk of concluding to unfeasibility or 
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The aim of this study was to systematically identify and describe guidelines for the care of 
neurologically deceased donors, highlighting some of their strengths and limitations, and current 
relevance 
Data source: MEDLINE, EMBASE, CisMef, Open Grey, LILACS, SciELO, NICE, Cochrane 
Database of Systematic Reviews, Global Health, and Base de Données de Santé Publique and 
grey literature 
Study selection: We included any document endorsed by an organ donation organization 
(ODO), a professional society, or a government, that aims to direct the medical management of 
adult, neurologically deceased, multi-organ donors, including: clinical goals, therapies, 
diagnostics or monitoring. 
Data extraction: We extracted guidelines details and specific donor management 
recommendations pertaining to six domains: the autonomic storm, hemodynamic instability, 
hormone supplementation, ventilation, blood product transfusions, and general ICU care. 
Data synthesis: This review includes 27 clinical practice guidelines representing 26 countries 
over the period 1993 to 2019. Using the AGREE-II validated tool for the evaluation of 
guidelines quality, documents generally scored well on their scope and clarity of presentation. 
However, quality was limited in terms of the scientific rigor of guideline development. 
Recommendations varied substantially across the domains of managing the autonomic storm, 
subsequent management of hemodynamic instability, hormone therapy, mechanical ventilation, 
blood product transfusion, and general ICU care. We did find consistent recommendations for 
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low tidal volume ventilation subsequent to the publication of a landmark clinical trial, one of a 
limited number of clinical trials in this area. 
 
Conclusion: Highly inconsistent recommendations for deceased donor care summarized in this 
review likely reflect the relatively slow emergence of high-quality clinical research in this field 
even while guideline methodology has advanced. 
 
INTRODUCTION 
Organ transplantation saves lives and improves quality of life for thousands chronically ill 
patients, every year.(1, 2) In the United States, in 2018, 113,000 patients were registered on a 
transplant waiting list, and every day, 20 died before a transplant opportunity materialized.(2) 
In 2012 the World Health Organization called for research to improve the hospital care of 
deceased organ donors.(3) While there remains a paucity of research in this field, current 
findings support the concept that improved organ donor care can improve the quantity and 
quality of organs for transplantation.(4, 5) Because organ donation is a rare activity in most 
hospitals, clinicians involved in donor care generally lack experience. Therefore, evidence-
based recommendations are an important tool to guide best practices for the care of deceased 
donors in intensive care units.(6) 
Embarking upon new clinical research for the care of neurologically deceased organ donors, we 
sought to understand the content and variability in current guidelines. We elected, therefore, to 
systematically identify and describe guidelines for the care of neurologically deceased donors, 







In collaboration with a senior information specialist, we searched 10 bibliographic databases 
from their inception: MEDLINE (Supplemental Digital Content 1), EMBASE, CisMef, Open 
Grey, LILACS, SciELO, NICE, Cochrane Database of Systematic Reviews, Global Health, and 
Base de Données de Santé Publique. We adapted the search strategy to French and Spanish 
languages for specific databases. To capture gray literature, we used Google (English, French, 
Spanish, Portuguese, Italian, Chinese, Japanese, German and Arabic), we searched the TRIP 
database, and we requested unpublished guidelines from each donation organization represented 
in the International Registry in Organ Donation and Transplantation (IRODaT) database.(7) 
Lastly, we examined the references of each guideline included in this review. This literature 
search is up to date as of March 2019.(7)  
 
Eligibility Criteria 
This review includes any document endorsed by an organ donation organization (ODO), a 
professional society, or a government, that aims to direct the medical management of adult, 
neurologically deceased, multi-organ donors, including: clinical goals, therapies, diagnostics or 
monitoring. This review, therefore, excludes recommendations for organ donation following a 
circulatory determination of death, living organ donation, and paediatric organ donation. We 
also excluded hospital protocols and checklists, organ-specific recommendations for donor care, 
and review articles. Except for Table 1 and Table 2, only data pertaining to guidelines released 





Two independent reviewers (AJF, and one of EC, DRW, KS, FDA, MW, BR, DB,  IB) screened 
titles and abstracts generated from the literature search using Covidence® software (8), and 
reviewed full text reports for all potentially relevant citations. A third independent reviewer 
resolved disagreements. Where more than one citation reported a guideline for one organization, 




Four reviewers independently assessed the methodological rigour of every guideline using the 
validated AGREE-II tool.(9-11) AGREE-II evaluates the quality of guidelines on 6 domains: 1) 
scope and purpose, 2) stakeholder involvement, 3) rigour of development, 4) clarity of 
presentation, 5) applicability, and 6) editorial independence, with specific items to assess within 




The same reviewers, in duplicate, extracted descriptive information and specific donor 
management recommendations pertaining to six domains: the autonomic storm, hemodynamic 






In reporting the quality of guidelines, we determined the scaled domain score reported as a 
percentage of the maximum score, across four reviewers for each AGREE-II domain.(12) We 
elected to transpose these scores to a 3-point classification of ‘low quality’ (<40%), ‘moderate 
quality’ (40-70%), and “high quality” (>70%), as proposed in the AGREE-II manual.(12) We 
also assessed inter-rater reliability among the four reviewers using two-way random intraclass 
correlations (ICC), and arbitrarily defined reliability as low (ICC: 0-0.4), moderate (ICC:0.41-
0.79), and high (ICC: 0.8-1.0).(9)  These analyses were performed with IBM SPSS Statistics 
v24.0 2018. 
 
This report corresponds with the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses statement (PRISMA).(13) We apply the term ‘recommend’ in this report without 
distinguishing strong from weak recommendations, since only one of the original guidelines(14-
16) clearly distinguished strong from weak using a grading approach.(17)  
 
RESULTS 
Description of Guidelines 
This review includes 27 clinical practice guidelines representing 26 countries (Figure 1, Table 
1). Guidelines were released between 1993 and 2019 (two had no release date (18, 19)) and most 
were reported in English.(14-16, 20-30) Ten of 27 were published in peer-reviewed 













Table 1. Description of the included guidelines 
 
Country, (first author /subcategory) 
Year (reference number) Organizations Language Source 
Ireland (Conrick-Martin) 
2019(30) Intensive Care Society of Ireland English 
Peer review publication 
India (Pandit) 
2017(29)  Indian Society of Critical Care Medicine English 
Peer review publication 
Australia  
2016(22) New South Wales Australia Ministry of Health English 
Website 
Austria  




Consul for Organ Donation; German Foundation 









Neuro Anesthesia Committee of the Danish 
Society of Anesthesia and Intensive Care 
Medicine; 
Danish Neurological Society; 








Society of Critical Care Medicine; American 
College of Chest Physicians; Association of Organ 
Procurement Organizations; Donor Management 
Task Force 
English 
Peer review publication 
Iran (Firoozifar) 
2014(25)  English 
Peer review publication 
Switzerland (Haberthur) 
2014(43) 
Fondation Suisse pour le Don d’Organes; Société 
Suisse de Médecine Intensive; Swisstransplant French 
Website 
Oceania (ANZICS) 
2013(20) ANZICS English 
Website 
Hungary Debrecen University; Hungarian Website 
 
75 
2013(37) Hungarian blood services 
Brazil (Westphal) 
2011(15,16,17) 
Brazilian Association of Intensive Care Medicine; 
Brazilian Association of Organ Transplants; 
Transplantation Centre of Santa Catarina 
English and 
Portuguese 
Peer review publication 
Canada (Bourret) 
2010(32) Transplant Québec English  
Peer review publication 
(abstract) and website 
Chile (Rojas) 
2010(38) Sociedad Chilena de Trasplante Spanish 
Peer review publication 
Canada (Trilium) 




Cuba (Nodal Arruebarrena) 
2009(40)  Spanish 
Peer review publication 
Australasia 




Canadian Critical Care Society; Canadian 
Association of Transplantation; 
Société canadienne de transplantation; le Conseil 
Canadien pour le Don et la Transplantation 
English and 
French 
Peer review publication 
France (Boulard) 
2005(31) 
Société Francaise d’Anesthésie et de Réanimation; 
Société de Réanimation de Langue Française; 
Agence de la biomédecine 
French 
Peer review publication 
United Kingdom 
2005(28) 
Intensive care society UK; 
British transplant society English 
Website 
USA (Powner) 
2004(26)  English 
Peer review publication 
Slovenia (Avsec-Letonja) 
2003(42)  Slovenian 
Personal communication 
USA(Baldwin) 
1993(23)  English 
Peer review publication 
Argentina  
?(19) 
Institute Nacional Centre unico Coordinator de 
Ablacion e Implante; Sociedad Argentina de 
Terapia Intensiva; Sociedad Argentina de 
Trasplante; Asociacion Argentina de Procuracion 








Red/consejo iberoamericano de donacion y 
trasplante; 
Servicio de Medicina Intensiva; Coordinación de 








Quality of Guidelines  
In assessing guideline quality (Table 2), the agreement achieved among four raters was generally 
moderate. Most guidelines scored moderately well on the clarity of their scope (e.g., specific 
purpose, target clinicians) (Domain 1),(14-16, 18, 19, 21, 24, 25, 31, 34-40) and the clarity of 
their recommendations (Domain 4).(14-16, 22, 24-26, 28, 30, 32, 34-37, 39, 41, 42) Most 
guidelines scored low on other domains. Stakeholder involvement (Domain 2) was limited: 
many did not appear to involve members of the public, and/or representatives from all target 
clinician groups.(21, 22, 24, 25, 29-32, 35-37, 39, 40, 43) Almost all guidelines lacked an 
explicit and research-based approach for formulating their recommendations (Domain 3).(18-
26, 28-32, 34-45) For example, only two guidelines mentioned a systematic search of the 
literature.(14-16, 36) Two guidelines, however, determined the strength of recommendations 
using a grading approach(14-17, 29), and one reported the agreement between experts on 
specific recommendations.(31) In terms of applicability (Domain 5),  all guidelines but one(44, 
46) lacked information on facilitators or barriers to their application and no monitoring or 
auditing criteria were described (Domain 5). Finally, only three of 27 reported an approach to 
conflict of interest in guideline development or presentation (Domain 6).(27, 29, 44, 46) 
 
 
Table 2. Quality assessment with the AGREE-II instrument 
Legend: Quality for the criterion on the AGREE-II  
Green = high; Yellow = moderate; Reg = low 
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Country, (first author /subcategory) 
Year (reference number) 


















      
India (Pandit) 
2017(29) 
      
Australia  
2016(22) 
      
Austria  
2016(34) 
      
Germany  
2016(35) 
      
Norway  
2016(41) 
      
Denmark  
2015(36) 
      
Europe (Eurotransplant) 
2015(24) 
      
USA (Kotloff) 
2015(27) 
      
Iran (Firoozifar) 
2014(25) 
      
Switzerland (Haberthur) 
2014(43) 
      
Oceania (ANZICS) 
2013(20) 
      
Hungary 
2013(37) 
      
Brazil (Westphal) 
2011(15,16,17) 
      
Canada (Bourret) 
2010(32) 
      
Chile (Rojas) 
2010(38) 
      





Cuba (Nodal Arruebarrena) 
2009(40) 
      
Australasia 
2008(21) 
      
Canada (Shemie) 
2006(44,46) 
      
France (Boulard) 
2005(31) 
      
United Kingdom 
2005(28) 
      
USA (Powner) 
2004(26) 
      
Slovenia (Avsec-Letonja) 
2003(42) 
      
USA(Baldwin) 
1993(23) 
      
Argentina  
?(19) 
      
Spain (Escudero) 
?(18) 





Recommendations (Figure 2) 
Figure 2. Donor management strategies, displayed as a) hemodynamic therapies, b) hormone 






Management of the autonomic storm 
Fourteen guidelines described the importance of the autonomic storm(14-16, 18-23, 27-30, 36, 
40, 41), but less than half provided recommendations about diagnosis(19, 23, 27-29, 40, 41) or 
treatment strategies(18, 20, 22, 23, 27-29, 41, 43). Seventeen guidelines recommended specific 
medications for hypertension and tachycardia;(18-24, 26, 29, 32, 34, 36, 38-40, 42-44, 46) most 
commonly esmolol(19-22, 29, 34, 36, 38, 40, 43) and nitroprusside, due to the short-acting, 
titratable effects.(19-22, 29, 36, 43) Alternatives included various classes of anti-hypertensive 
agents, and even remifentanyl. Due to the transient nature of the autonomic storm, and the risk 
of subsequent hypotension, four guidelines recommended not treating hypertension or 
tachycardia in this setting, at all, or limiting treatment to very severe cases.(14-16, 21, 22, 29)  
 
Hemodynamic management after the autonomic storm 
Recommended targets for mean arterial pressure ranged from 60 mmHg to 100 mmHg 
(Supplemental Digital Content 2). (14-16, 18-22, 24-39, 41, 43, 44) As first-line vasopressors, 
most documents recommended norepinephrine(14-16, 18, 20-22, 31, 35, 37, 43) and/or 
dopamine(14-16, 18, 19, 23-25, 27, 36, 38, 40, 42) (Table 3). Vasopressin was the preferred 
agent in Canadian,(32, 33, 39, 44) Irish,(30) Indian,(29) and UK guidelines,(28) potentially 
because of its additional value in the management of diabetes insipidus. Epinephrine was 
variably suggested as an alternative agent (14-16), or as a last choice of vasopressors,(19, 29, 
32, 33, 39, 42, 44) or it was contraindicated, altogether.(37)  
 
In terms of fluid management, crystalloids were generally recommended as a first-line 
solution,(14-16, 19, 21-27, 29, 30, 32, 34, 35, 37-39, 43) and some documents recommended 
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colloids along with crystalloids.(18, 19, 24, 31, 36, 40, 42, 43) Four guidelines recommended 
intravenous starches,(31, 37, 40) and nine strongly recommended against starch therapy, 
particularly for donors with renal failure. (19, 21, 22, 27, 29, 32, 34-36, 41, 43) Three 
recommended a daily negative or neutral fluid balance, to facilitate lung donation.(19, 22, 30) 
 
In terms of inotropic agents, dobutamine(14-16, 18, 19, 22, 26, 30, 31, 34-36, 38, 42, 43), 
epinephrine(19, 22, 27, 30, 31, 36) and dopamine(19, 26, 33, 35, 36, 44) were all recommended 
most commonly; other agents included isoproterenol(34), levosimendan(34), milrinone(34) and 
norepinephrine.(19, 34) The inconsistent indications for each related to various clinical 
measures of impaired cardiac function.(14-16, 18, 19, 22, 25-27, 29-31, 33, 34, 36-38, 40, 41, 





Table 3. Hemodynamic therapies 
Country, (first author /subcategory) 
Year (reference number) 
Fluid therapy Vasopressors Inotropic support 
 Therapy Contraindicated solutions   
Ireland (Conrick-Martin) 
2019(30) 
RL, NS or balanced 
crystalloids 
2nd line: colloid solutions 
 Vasopressin 0.5-2.5 U/h 
 
2nd line: NE or phenylephrine 
Dobutamine or adrenaline 
Limit dobutamine to 10 mcg/kg/min  
Australia  
2016(22) 
½ NS or balanced crystalloids  




Vasopressin 2.4 u/h  
 
2nd line: NE, epinephrine, 
phenylephrine 




Balanced crystalloids  





NE ad 0.2 mcg/kg/min 
 
2nd line: Add vasopressin 1.2-2.4 u/h 
Dobutamine 
2nd line: Epinephrine 
Austria  
2016(34) 




NE, dopamine, phenylephrine, 
vasopressin 
Dobutamine, isoproterenol, levosimendan, 
milrinone 
2nd line : NE 
Germany  
2016(35) 
RL or NS 











Ringer acetate, NS, D5%.  
2nd line: 2:1 mix crystalloids 




Dopamine, NE or vasopressin 1 U 
bolus then 0.5-2.5 u/h 
Dopamine 2-20 mcg/kg/min 
Denmark  
2015(36) 
Balanced crystalloids and 





Dopamine up to 10 mg/kg/min  
 
2nd line: NE ad 0.1 mcg/kg/min 
3nd line: Add vasopressin 0.4-5 u/h 





D5%, NS, D2.5%-0.45 saline, 
RL 
2nd line: 2:1 mix 
crystalloid/colloid 
 Dopamine ad 10 mcg/kg/min 
 








Dopamine up to 10 mcg/kg/min  
 
2nd line: Vasopressin 0.01-0.04 u/min 
Dopamine, dobutamine or epinephrine 
Iran (Firoozifar) 
2014(25) 
RL or NS  
2nd line: Albumin or gelofusin 
 Dopamine ad 10 mcg/kg/min  
 
2nd line: NE 
Dopamine 




NS or RL 
2nd line: HES 130/0.4, gelatin 
 
HES 130/0.4 or gelatin 
(caution if renal failure) 
NE 0.5-3 mcg/kg/min  
 
2nd line: Vasopressin 0.5-2.4 u/h 
 
Dobutamine £ 5 mcg/kg/min 
Oceania (ANZICS) 
2013(20) 





Maintenance D5%  
 
 
HES 0.4/6% (caution) 
 
NE 0.01-2.5 mcg/kg/min 
 
2nd line: Vasopressin 0.01-0.04 u/min 
alone or in combination with NE 
 
 
Combination dobutamine/NE ad 10 
mcg/kg/min 
2nd line: dopamine 4-10 mcg/min 
Brazil (Westphal) 
2011(15,16,17) 
Crystalloid solution   NE, epinephrine or dopamine  
 





D5%-1/2NS maintenance, NS  
2nd line: Albumin  
 
 
Starches (renal failure) 
 
Vasopressin ≤ 2.4 u/h  
 
2nd line : NE <0.2 mcg/kg/min 
3rd line: Epinephrine 0.2 mcg/kg/min or 
phenylephrine 0.2 mcg/kg/min or 







RL or NS 
2nd line: gelatin (lung donors) 
 
 Dopamine ad 10 mcg/kg/min 
 
2nd line: Add NE 





 Vasopressin ad to 2.4 u/h 
 
2nd line: Dopamine 5-10 mcg/kg/min 
3nd line: NE ad 20 mcg/min, 
epinephrine up to 20 mcg/min, 
phenylephrine ad 200 mcg/min 
 
Cuba (Nodal Arruebarrena) 
2009(40) 
Mix 65% crystalloids-35% 
colloids  
2nd line: Starches, gelatin 
 Dopamine ad 3 mcg/kg/min 
 
2nd line: Add noradrenaline 0.1 
mcg/kg/min  
Dobutamine 5-15 mcg/kg/min 
Australasia 
2008(21) 
  NE  
 






 Vasopressin 2.4 u/h 
 
2nd line: NE, epinephrine and/or 
phenylephrine max 0.2 mcg/kg/min 
Dopamine ≤ 10 mcg/kg/min 






Fourteen guidelines recommended “usual care” for arrhythmias,(14-16, 18, 20-22, 27, 29, 35, 
37, 38, 40-43) and amiodarone was the most commonly recommended drug.(14-16, 18, 20-22, 
29, 41, 43) For bradyarrhythmias, seven reports recommended cardiac pacing (14-16, 18, 22, 
37, 41, 43) or beta-agonist agents,(14-16, 18, 22, 29, 35, 37, 41, 43) citing the lack of effect of 
atropine (14-16, 20, 22, 29, 37, 41-43) or glycopyrrolate (22) after brain death. Seven guidelines 
addressed cardiac arrest among deceased donors, and recommended routine cardiopulmonary 
resuscitation.(14-16, 18, 20, 36, 38, 42, 43)  
 
In terms of monitoring, most guidelines recommended central venous pressure (CVP) 
monitoring, with target ranges from 4 to 15 mmHg.(18, 19, 22, 24-26, 28-30, 32-35, 37-41, 43, 
44) Low CVP measures generally triggered fluid administration; however,(14-16, 19, 25, 26, 
29, 32, 35, 37, 40, 41, 43) four guidelines, discouraged single CVP measures as unreliable.(14-
16, 22, 29, 30, 36)  
 
Guidelines frequently recommended echocardiography to guide hemodynamic therapy, (14-16, 
18, 19, 22-36, 39, 43, 44) with minimum targets of left ventricular ejection fraction ranging from 
40% to 50%.(14-16, 19, 29, 30, 32, 35, 36, 39, 43) In addition, 19 documents stated various 
indications for pulmonary artery catheterization, including: young donors,(38) potential heart or 
lung donors,(19, 25) donors with heart dysfunction or pulmonary hypertension,(14-16, 18, 28, 
32, 39, 43, 44, 46) or for all refractory unstable donors.(18, 19, 29, 32, 34, 35, 39, 41, 42, 46) 
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Every guideline addressed hormone supplementation (Supplemental Digital Content 3). 
Nineteen made recommendations about corticosteroid therapy.(14-16, 19-22, 25, 27, 29-32, 36-
41, 43, 44, 46) Four recommended steroids for all donors;(27, 35, 36, 41) three recommended 
steroids for hemodynamically unstable donors,(18, 30, 34) and others recommended steroids 
only if there was the potential for donation of specific organs: lungs,(18, 19, 22, 32, 37-39, 43, 
44, 46) heart,(22) or liver.(43) The most common dosing strategy was high-dose 
methylprednisolone (14-16, 18-22, 25, 27, 29, 30, 32, 34-39, 41, 43, 44, 46).  
 
Eighteen guidelines recommended thyroid hormone supplementation.(14-16, 19-22, 25, 27, 29-
32, 36-40, 43, 44, 46) Indications included: all donors,(29) or those with hemodynamic 
instability.(22, 26, 30, 36, 43) Suggested agents included triiodothyronine (T3; six 
guidelines),(20-22, 36-38) thyroxine (T4; four guidelines), (25, 32, 39, 44, 46) or either (six 
guidelines). (14-16, 19, 27, 29, 35, 43) Three guidelines recommended against routine thyroid 
supplementation based on the lack of supporting evidence.(18, 23, 42)  
 
Nine guidelines addressed insulin therapy for organ donors.(19, 22, 25, 29, 30, 36, 37, 40) Some 
recommended insulin for all donors(25, 37, 40), potentially for its possible inotropic effect, 
while others recommended insulin as needed for glycemic control, similarly to ICU general care 
practice.(14-16, 18, 20-22, 24, 26-30, 32, 34-39, 43, 44, 46) For the latter, dosing ranges and 
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glycemic targets varied. One guideline recommended a mixed infusion of glucose, insulin and 
potassium (GIK) for donors with refractory hemodynamic instability.(43) 
 
Vasopressin was suggested as a component of a hormone therapy bundle in 13 guidelines,(19-
21, 29-32, 36-40, 44, 46) in doses ranging from 0.4 to 5 u/h.(14-16, 18-22, 28, 29, 37-39, 44, 
46) Desmopressin, a synthetic analogue of vasopressin that lacks the vasopressor properties, 
was recommended as first line therapy for diabetes insipidus in 23 guidelines, with or without 
combined vasopressin infusion.(14-16, 18-22, 25-27, 29-32, 34-37, 39-44, 46)  
 
Lung Protective Mechanical Ventilation 
 
All but three (20, 21, 23) reports provided recommendations on ventilation parameters and/or 
arterial blood gas targets (Supplemental Digital Content 4). Recommended tidal volume ranges 
included values from 4 ml/kg to 12 ml/kg.(14-16, 19, 22, 24-26, 30, 32, 35-39, 43, 44, 46) 
Eleven guidelines recommended low tidal volumes (4-8 ml/kg) for all donors,(14-16, 22, 24, 
30, 32, 35, 37-39, 41, 43) and four specifically for lung donors(14-16, 18, 19, 36) 
Recommendations on maximal peak airway pressures ranged from 30 cmH2O to 47 cmH2O,(24-
26, 32, 35, 37-40, 44, 46) maximal plateau airway pressures ranged from 30 to 35 cmH2O, (14-
16, 18, 19, 22, 26, 30, 35, 43) and 8 guidelines made recommendations about recruitment 
maneuvers.(14-16, 18, 19, 22, 26, 27, 30-32, 35, 39, 44, 46)  Only the Brazilian guideline 
recommended advanced ventilation strategies in cases of respiratory failure.(14-16)  
 
Blood product transfusions 
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All but one guideline(20) made recommendations about blood product transfusion. Hemoglobin 
transfusion thresholds varied from 70 to 100 g/L,(14-16, 18, 19, 21, 22, 24, 25, 27-32, 34, 39-
44, 46) and some guidelines provided hematocrit thresholds, which ranged from 20% to 
30%.(19, 23-26, 29, 35, 37, 38, 41-43)  Few guidelines distinguished stable from unstable 
donors in making these recommendations.(14-16, 18, 22) 
 
Recommendations for platelet and coagulation factor transfusions appeared in nine 
guidelines.(14-16, 19, 22, 26, 31, 35, 37, 38, 40, 43) Threshold platelet levels varied from 20 to 
150 x109g/l.(14-16, 19, 22, 26, 31, 37, 38, 43)  Recommendations for plasma or fibrinogen 
transfusions were inconsistent; some required active bleeding,(14-16, 24, 30, 32, 39, 40, 44, 46) 
while others required only coagulopathy.(14-16, 18-20, 22, 26, 28, 29, 32, 35, 38, 40) 
Fibrinolytic therapy (with tranexamic acid, aprotinin or aminocaproic acid) was recommended 
in one guideline(43) and recommended against, due to potential thrombosis risk, in another.(28) 
 
 
General ICU care 
Twenty-three reports addressed body temperature, with recommended ranges falling between 
35 to 38 degrees Celsius.(14-16, 18, 21, 22, 24-26, 29-32, 34-40, 43)  Recommendations for the 
management of hyperthermia included antibiotics, (22, 26, 36, 39) antipyretics 
(acetaminophen), (22, 26, 36) and external cooling.(22, 23, 26, 36, 39) Recommendations for 
preventing or treating hypothermia included various warming strategies.(14-16, 18, 20, 21, 24-




Most guidelines recommended continuation of previously initiated enteral (14-16, 20, 27, 29, 
30, 32, 36, 39, 43, 44, 46) or parenteral nutrition,(27, 30, 32, 39, 43, 44, 46) and five guidelines 
suggested initiating enteral nutrition.(14-16, 30, 32, 39, 44, 46)  One guideline recommended 
discontinuation of all nutritional support in potential donors, but did not provide the 
rationale.(41)  
 
Three reports addressed stress ulcer prophylaxis (26, 36, 37), one recommending daily 
intravenous pantoprazole.(26) Mechanical and/or pharmacological thromboprophylaxis was 
recommended by two guidelines.(22, 30) Eight guidelines suggested antimicrobial prophylaxis, 
including 8 different agents or classes.(24, 27, 36, 41) (18, 19, 23, 31) Six other guidelines 





This systematic review uniquely summarizes 27 guidelines for the management of 
neurologically deceased organ donors. It includes the most recent versions of clinical practice 
guidelines endorsed by organ donation organizations, medical societies, and governments 
around the world, whether published in peer-reviewed sources, or not. A vast majority 
originated from Europe, North America and Oceania. 
 
One striking observation from this review is the inconsistency of recommendations across 
guidelines. With a paucity of clinical research in this field, and particularly randomized trials,(4, 
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5, 47) medical guidelines tend to emphasize physiologic reasoning and expert opinion,(48, 49) 
an approach that lends itself to subjectivity and inconsistency.(48, 50) Thus, in a recent joint 
effort of the Society of Critical Care Medicine, the American College of Chest Physicians, and 
the American Association of Organ Procurement Organizations to produce evidence-based 
guidelines for deceased donor care, authors reasoned that because “…the available literature 
was overwhelmingly comprised of observational studies and case series, … a decision was made 
that the document would assume the form of a consensus statement rather than a formally graded 
guideline."(27) New standards for guideline development, which predate most of the documents 
of this review, emphasize the need for an evidence-based approach despite low quality 
evidence(17) In this review, two guidelines (Brazil 2011; Denmark 2015) incorporated a 
systematic literature search,(14-16, 36) one described a protocol for reaching consensus (France 
2005)(31) and recommendations from Brazil and India partially incorporated GRADE 
methodology.(14-16, 29) 
Another plausible explanation for varied, sometimes conflicting recommendations is the 
disparate resources available across health systems to support deceased donors.(51-53) Finally, 
one might expect discernable advances from earlier to later recommendations. We found little 
evidence of this, with one exception.(5)  
 
Better clinical research to support donor care is slowing emerging, which calls for updates to 
many of the current guidelines. Examples include two randomized trials, which have evaluated 
lung-protective ventilation(5), and moderate hypothermia(4), respectively. A ventilation 
strategy using low tidal volumes and relatively high positive end-expiratory pressure achieved 
a significant doubling in the number of lung donors.(5) Since the publication of this trial, 10 
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guidelines included recommendations about mechanical ventilation; 9 of the 10 specifically 
recommended low tidal volumes(14-16, 22, 24, 30, 35-37, 41, 43) and two of 10 recommended 
PEEP levels greater than 8 cm H2O.(14-16, 35) In the more recent trial, moderate hypothermia 
(34.0-35.0 degrees Celsius) was associated with a significant reduction in terminal creatinine 
levels, and in delayed renal graft function.(4) In the six guidelines published after 2015, all 
reported on temperature management but none recommended mild targeted hypothermia.(22, 
29, 30, 34, 35, 41) 
 
Strengths of this review include the broad search for relevant guidelines, the systematic 
assessment of guideline quality using a validated instrument, and duplicate independent data 
abstraction. This is the only systematic review of guidelines for organ donation, and the findings 
highlight important opportunities to advance deceased donor care through improved guideline 
methodology that will incorporate emerging high-quality research. This review also has notable 
limitations. An assessment of the suitability of current guideline recommendations was beyond 
the scope of this review. In addition, it is possible that individual hospitals have developed their 




The inconsistent recommendations for deceased donor care summarized in this review reflect 
the slow emergence of high-quality clinical research in this field even while there have been 
great strides in guideline methodology.  In this new age of randomized trials in deceased donor 
care, we can look forward to more frequent guideline updates, stronger recommendations, and 
 
95 
stronger justification for the standardization of care. An agenda establishing priorities for 
research could lead to the development of high-quality guidelines to improve transplant 
outcomes, as demonstrated in other fields of health care. (54-56) 
 
Supplemental Digital Content 1. Medline Search Strategy 
1. exp "Tissue and Organ Procurement"/ 
2. Tissue Donors/ 
3. Living Donors/ 
4. Unrelated Donors/ 
5. ((organ? adj1 dono*) or (organ? adj1 donat*) or (tissue? adj1 dono*) or (tissue? adj1 donat*) 
or (transplant* adj1 dono*) or (transplant* adj1 donat*) or (organ? adj1 procur*) or (tissue? 
adj1 procur*) or (transplant* adj1 procur*) or (directed adj1 donation?) or unrelated dono* or 
(kidney? adj1 dono*) or (kidney? adj1 donat*) or (heart? adj1 dono*) or (heart? adj1 donat*) 
or (liver? adj1 dono*) or (liver? adj1 donat*) or (lung? adj1 dono*) or (lung? adj1 donat*) or 
(living adj1 dono*)).mp. 
6. 1 or 2 or 3 or 4 or 5 
7. brain death/ 
8. ((brain? adj1 death?) or (brain? adj1 dead*) or irreversible coma? or coma depasse?).mp. 
9. 7 or 8 
10. exp Practice guidelines as Topic/ or exp Practice Guideline/ or exp Guideline/ or exp 
Guideline Adherence/ or Guidelines as Topic.mp. or exp Reference Standards/ or exp 
Evidence-based Medicine/ or exp Evidence-based practice/ or standard of care.mp. or Clinical 
Protocols/ [mp=title, abstract, original title, name of substance word, subject heading word, 
keyword heading word, protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] 
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11. (standard of care or reference standard? or evidence-based practice or evidence-based 
medicine or evidence-based nursing or (practice adj1 guideline?) or guideline? or handoff? or 
handover? or (hand adj1 over?) or gold standard or clinical protocol* or (hand adj1 off)).mp. 
12. 10 or 11 
13. 6 and 9 and 12 
14. (6 and 9) not 13 





Supplemental Digital Content 2. Hemodynamic targets 
 
Country, (first author /subcategory) 
Year (reference number) 
Blood pressure 





 CVP 6-10 mmHg 
PACWP 8-12 mmHg 
CI >2.4 L/min/m2 
All donors 
Target:  





MAP ≥ 60-70 
mmHg 
 CVP 6-8 mmHg 
PACWP 8-12 mmHg 
Stroke volume variance <12% 
CI 2.4 L/min/m2 
All donors (fluid response)  
Unstable donors  
Target 










CVP 6-10 mmHg 








60-120 bpm  
 







 Vascular resistance 2000 +/- 500 dynes/sec/cm5 
CVP 7-10 mmHg 
PACWP <12 mmHg 
CI 3-5 L/min/m2 
ITBVI >850-1000 ml/m2 
ELWI 3-7 ml/kg 









CVP 6-10 mmHg  
Denmark  
2015(36) 
MAP > 60-70 
mmHg 
 





SBP ≥ 90 
MAP ≥ 70-90 
mmHg 
 
 CVP 6-10 mmHg 
PACWP 10-15 mmHg 




MAP ≥ 60 
mmHg 
 
 CVP and/or PAC  
 
Heart donor 
Target: > 45% 
Iran (Firoozifar) 
2014(25) 
SBP ≥ 100 
mmHg 
MAP ≥ 60 
mmHg, for 
patients >60 
years old aim 















CVP 8-12 mmHg 
PACWP 10-15 mmHg 
GEDVI 680-800 ml/m2 
CI >2.5L/min/m2 
EVLWI: < 7 ml/kg 
PPV: < 10% 
 













 Vascular resistance: ≥ 1200 dynes/s/cm5 
CVP 6-12 mmHg 




SBP > 90 
mmHg  



















Vascular resistance 800-1200 dynes/sec/cm5 






MAP ≥ 60 
 
 CVP 6-10 mmHg (if heart or lungs are not 











Vascular resistance 800-1200 dynes/sec/cm5 
CVP 6-10 mmHg 
Heart donor 
Target: LVEF >40% 
Cuba (Nodal Arruebarrena) 
2009(40) 
SBP ≥ 100 
mmHg 
 
≤ 100 bpm 
 
CVP 10-12 mmHg 




MAP > 70 
mmHg 
 
   
Canada (Shemie) 
2006(44,46) 
SBP ≥ 100 
mmHg 





Vascular resistance 800-1200 dynes/sec/cm5 
CVP 6-10 mmHg 
PACWP 6-10 mmHg 
CI >2.4L/min/m2 


















hormones details Additional insulin details 
Additional antidiuretic 
hormone analogues details 











impaired cardiac function 
in potential heart donor 
Specific indication: 




instability: T3 4 mcg 
IV then 3 mcg/h 
Specific 
indication: 
Glycemic control:  




Vasopressin 1 u IV bolus then 
2.4 u/h 
 
Specific indication:  
Diabetes insipidus: DDAVP 
1-2 mcg IV or SQ PRN or 











MP 15 mg/kg IV q24h or 
250 mg IV then 100 
mg/h 
T4 20 mcg bolus IV 
then 10 mcg/h infusion 
or T4 300-400 mcg PO 
q8h or T3 (if available) 
Specific indication: Glycemic 
control: Insulin for glycemia 
80-150 mg/dl  
 
Vasopressin 0.5-4 u/h IV 
infusion 
 
Specific indication: Diabetes 
insipidus: 
DDAVP 10 mcg intranasal, 1-
2 puffs q4h or vasopressin 







recommended, consider if 
LVEF <45% or heart/lung 
donors 
MP 15 mg/kg IV x 1 
 
T3 IV 4 mcg/h 
 
Specific indication: Glycemic 
control: 
Insulin for glycemia 6-10 
mmol/l 
Specific indication: Diabetes 
insipidus:  
DDAVP 1-4 mcg IV q4-8 
PRN or vasopressin 0.04-2.4 
u/h IV infusion 
Austria, 2016   Specific indication: 
Persistent hypotension: 
Hydrocortisone 200 mg 
IV then 200 mg/24h 
 Specific indication: Glycemic 
control: 
Insulin IV infusion 5u/h and 
for glycemia 80-150 mg/dl 
Specific indication: diabetes 
insipidus: 




Unclear  Specific indication:  Specific indication:  Specific indication: Glycemic 
control: 
Specific indication: Diabetes 
insipidus: DDAVP 1-4 mcg 
 
102 
All donors: MP 250 mg 
IV then 100 mg/h   
 
Hemodynamically 
unstable potential heart 
donor:  T3 IV 4 mcg 
bolus then 3 mcg/h or 
T4 20 mcg IV then 10 
mcg/h 
 
Insulin for glycemia 6-10 
mmol/l 
IV bolus PRN or 0.5-2 mcg IV 
infusion or vasopressin 0.05-








Hemodynamic instability  MP 15 mg/kg 
Specific indication: All 
donors  
  Specific indication: Diabetes 
insipidus: 
DDAVP 1-4 mcg IV PRN  
Norway  
2016(41) 
Unclear Hemodynamic instability MP 15 mg/kg 
Specific indication: All 
donors  
  Specific indication: Diabetes 
insipidus: DDAVP 1-4 mcg 






Hemodynamic instability MP 15 mg/kg IV q24h  T3 4mcg IV then 3 
mcg/h infusion or T4 
20 mcg IV bolus, then 
10 mcg/h infusion or 
T4 2 mcg/kg tablets 
P.O  
Specific indication: 
Unstable donor with 




Specific indication: Glycemic 




Specific indication: Diabetes 
insipidus: Desmopressin 1-2 
mcg IV q6h PRN or nasal 
spray 10-20 mcg or melting 




    Specific indication: Glycemic 
control 
 
Specific indication: Diabetes 
insipidus: 








LV dysfunction in 
potential heart donors;  
Unmet hemodynamic 
goals and/or LVEF < 45% 
(unclear) 
 
MP 15 mg/kg, 1g or 250 




T4 20 mcg IV then 10 
mcg/h OR T3 4 mcg IV 




Specific indication: Glycemic 
control:  







Specific indication:  
Diabetes insipidus: 













Hemodynamic instability MP 15 mg/kg IV q12h T4 0.6 mg per 
nasogastric tube x1 
 
Insulin 1u/h and scale 
adjustment to glycemia <140  
Specific indication: Diabetes 
insipidus: 








or cardiac failure 
Hydrocortisone 50 mg 




MP 15 mg/kg 
T3 4 mcg IV then 3 
mcg/h or T4 20 mcg IV 
then 10 mcg/h or TSH 









Specific indication: Glycemic 
control: 
IV insulin for glycemia 4-8 
mmol/l 
Specific indication: Diabetes 
insipidus: 
Desmopressin 0.25-2 mcg IV 








Potential heart donor with 
LVEF<45%  
MP 15 mg/kg IV x1 
 
T3 4 mcg IV bolus then 
3 mcg/h 
 
Specific indication: Glycemic 
control 
 
Vasopressin 0.5-4.0 u/h 
 
Specific indication:  
Diabetes insipidus: 










Hydrocortisone 50 mg 
IV bolus then 50 mg x 4 
doses 
 
Specific indication: All 
lung donors: 
MP 15 mg/kg q24h 
T3 4 mcg/kg IV bolus 
then 3 mcg/h 
10 u bolus then adjust to target 
glycemia 4.2-8.3 mmol/l 
 
Specific indication: Glycemic 
control: Insulin sliding scale 
Vasopressin 1 u bolus then 
0.6-2.4 u/h 
 
Specific indication: Diabetes 
insipidus: 
Desmopressin 0.6-2 mcg IV 
q6-12 h or nasal spray 10-20 
mcg q12h or Vasopressin 






All donors  MP 15 mg/kg  T3 4 mcg IV then 3 
mcg/h OR T4 20 mcg 
IV then by 10 mcg/h 
OR T4 1-2 mcg/kg PO  
Specific indication: Glycemia 
control:  
IV insulin for glycemia <180 
mg/dl 
Specific indication: Diabetes 
insipidus: 
DDAVP 1-2 mcg IV q4h PRN 
to achieve and/or Vasopressin 
















T4 20 mcg then 10 
mcg/h OR 100 mcg 
then 50 mcg IV q12h 
 
 
Specific Indication: Glycemic 
control 
Specific regimen: IV insulin 
scale to glycemia 4-8 mmol/l 
Specific indication: Diabetes 
insipidus: 
DDAVP 1-4 mcg IV then 1-2 



















T3 4 mcg bolus than 3 
mcg/h 
Specific indication: Glycemic 
control: 
IV c insulin for glycemia 80-
150 mg/dl 





Vasopressin 1u IV then 0.5-4 
u/h or DDAVP nasal/IM/SQ 
10-20 mcg or DDAVP IV 0.1-









Hemodynamic instability  
MP 15 mg/kg IV bolus 





T4 100 mcg IV then 50 
mcg IV q12 or 20 mcg 
IV then 10 mcg/h 
 
Specific indication: Glycemic 
control: 
Insulin for glycemia 6-10 
mmol/l 
 
Vasopressin ≤ 2.4 u/h 
 
Specific indication: Diabetes 
insipidus: 
DDAVP 4 mcg IV q6h prn or 









  Insulin IV 1u/h adjust to target 
120-180 mg/dl  
 
Specific indication: Glycemic 
control 
 
Specific indication: Diabetes 
insipidus: 
DDAVP 0.5-2 mcg IV or 
nasal drops 10-20 mcg or 










instability and/or LVEF 
<45% 
MP 15 mg/kg IV x1 
 




Specific regimen:  
Insulin for glycemia 5-8 
mmol/l 
Vasopressin 0.5-4 u/h 
 
Specific indication: Diabetes 
insipidus: 
DDAVP 2-4 mcg IV q2-6h or 










LVEF ≤ 40% or 
hemodynamic instability  
 





T4 mcg IV then 10 
mcg/h OR T4 100 mcg 




Specific indication: Glycemic 
control: 
Insulin for 




Vasopressin ≤ 2.4 u/h 
 
Specific indication: Diabetes 
insipidusL 
DDAVP 1-4 mcg IV then 1-2 








Supplemental Digital Content 4. Ventilation strategies 
Country, (first author 
/subcategory) 
Year (reference number) 





6-8 ml/kg IBW Plateau <30 
cmH2O 
5-10 cmH2O x PCO2: normocapnia 
pH 7.35-7.45 
PaO2 ≥ 10 kPa 
India (Pandit) 
2017(29) 
  Unclear  PCO2: normocapnia 
pH: 7.35-7.45 
SaO2: >95% 
PaO2: >100 mmHg 
Australia  
2016(22) 
6-8 ml/kg IBW Plateau <30 
cmH2O 
5-10 cmH2O 
>8 cmH2O if 
lung protective 






    PCO2 35-45 mmHg 
SaO2 ≥ 95% 
PaO2 80-150 mmHg 
Germany  
2016(35) 
6-8 ml/kg Plateau <30 
cmH2O or 
Peak < 35 
cmH2O 
8-10 cmH2O (up 
to 15 cmH2O if 
decreased lung 
function) 








 5, preferably 10 
cmH2O 






 6-8 cmH2O  PaO2/FiO2 >300 (lung donors) 
PaO2 >12 KPA 
Europe (Eurotransplant) 
2015(24) 
6-8 ml/kg Peak <35 
mmHg 
5-10 mmHg  PaCO2 35-45 
SaO2 >95% 
PaO2 >80-100 mmHg 
USA (Kotloff) 
2015(27) 
Unclear   x PaO2/FiO2 >300 (lung donors) 
Iran (Firoozifar) 
2014(25) 
8-10 ml/kg Peak < 30 
mmHg 
5 cmH2O  PaCO2 35-45 mmHg 
pH 7.35-7.45 
SaO2 95-100% 









 PaO2 min 70 mmHg and SaO2 
>88% (except in lung donors) 
Oceania (ANZICS) 
2013(20) 
  Unclear Unclear  
Hungary 
2013(37) 







 PaCO2 40-45 mmHg 
pH 7.35-7.45 
SaO2 >92% 
PaO2 >70 mmHg 
Brazil (Westphal) 
2011(15,16,17) 
6-8 ml/kg IBW  










PaO2 ≥90 mmHg or >60 
and/or 
SaO2 >90% (ARDS) 
Canada (Bourret) 
2010(32) 






x PaCO2 35-45 mmHg 
pH 7.25-7.45 
SaO2 95% 
PaO2 ≥90 mmHg 
Chile (Rojas) 
2010(38) 
6-8 ml/kg Plateau <30 
cmH2O (lung 
donor) 
5-10 cmH2O  PaO2/FiO2 >200 (lung donors) 
PaO2 >100 mmHg 
Canada (Trilium) 
2010(39) 
6-8 ml/kg Plateau ≤30 
cmH2O 




Cuba (Nodal Arruebarrena) 
2009(40) 





for PaO2 >100 
mmHg (lung 
donors) 
 PaCO2 35-45 mmHg 
pH 7.35-7.45 
SaO2 >90% 
PaO2 ≥100 mmHg 
Australasia 
2008(21) 
  Unclear Unclear  
Canada (Shemie) 
2006(44,46) 
8-10 ml/kg Peak ≤30 
cmH2O 
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Supplementary note: Inter rater reliability of the AGREE-II instrument on included 
guidelines 
Every item of the AGREE-II instrument was scored on the 7-point scale by 4 independent raters. 
We calculated and report mean item scores and mean domain scores, as well as the inter-rater 
reliability of the instrument for each 6 domains, using a two-way random intra-class correlation. 
Inter-rater reliability was generally fair to good, but could not be calculated in a significant 
number of guidelines domain because of low variance. In all but domain 6, low variance was 
the result of almost perfect agreement between raters for low-quality guidelines. Domain 6 is 
comprised of only 2 items, which also fragilizes it’s reliability when some discordance exists 
between raters. This illustrates certain limits of the AGREE-II instrument. Detailed results of 
the inter rater agreement is provided in the appendix section of the thesis. 
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Objective: We sought to characterize Canadian physicians’ perspectives and stated practices 
regarding their hemodynamic care of deceased organ donors.  
 
Design and Setting: We designed a 24-item electronic survey that 10 critical care clinicians 
independently pretested for relevance, clarity and intra-rater reliability. With the help of 
provincial Organ Donation Organizations (ODO), we identified intensive care units (ICUs) with 
a high volume of adult deceased donors (defined by the management of 5 or more donors per 
year for 2 consecutive years). 
 
Participants: With direction from the medical directors of these high-volume ICUs, we emailed 
448 ICU physicians from 37 centers in 9 provinces: 184/448 (41.1%) responded to one or more 
survey questions. 
 
Measurements and main results: Respondents identified specialist nurses from ODOs as their 
primary source of guidance in donor care (107/165; 60%). They typically diagnosed an 
autonomic storm according to a rise in blood pressure (159/165; 96.4%) and/or of heart rate 
(135/165; 81.8%), however, their stated management varied substantially. Their preferred first 
line vasopressors were norepinephrine (93/164; 56.7%) and vasopressin (68/164; 41.5%). 
Twenty-one respondents (21/162; 13.0%) reported that they never administer inotropes to 
donors. Corticosteroid and thyroid hormone prescriptions for all donors was reported by 62/161 
(37.6%) and 50/161 (31.1%) respondents, respectively. Respondents perceived an influence 
from ODO nurses or transplant physicians when prescribing corticosteroids (77/161; 47.8%) 
and/or thyroid hormones (33/161; 20.5%)  
 
Conclusion: We observed important variability in self-perceived practice of ICU physician in 
the hemodynamic management of deceased donors, particularly in the treatment of the 




The main objective for the care of neurologically deceased patients who are potential organ 
donors in the intensive care unit (ICU) is to optimize the quality and availability of organs for 
life-saving organ transplantation.(1) In Canada, the vast majority of organs for transplantation 
stem from brain-injured patients with a neurological determination of death (NDD).(2) 
Consideration of the unique pathophysiology of brain death and its implications for deceased 
donor care is, therefore, important to enhance organ transplantability. Animal studies show that 
intracranial hypertension leading to brain herniation causes ischemia to the vagal motor nucleus; 
this in turn results in a surge of endogenous catecholamines and a constellation of hemodynamic 
changes commonly termed the autonomic storm.(3) In models, associated tachycardia and 
hypertension may be abrupt and severe, lasting minutes to hours.(4, 5) Concurrent ischemia of 
the hypothalamo-pituitary axis leads to vasopressin, adrenal and thyroid hormone depletion, 
such that termination of the autonomic storm may result in profound vasoplegia and shock.(3, 
4, 6, 7) Brain herniation is also associated with a systemic inflammatory response, characterized 
by elevated circulating levels of interleukin-1, interleukin-6 and TNF-alpha that contribute to 
distributive shock.(7, 8) Animal models of brain death and clinical research among NDD donors 
suggest that catecholamine toxicity may lead to heart cell apoptosis and necrosis that limits 
cardiac transplant suitability.(9-12) Clinical research in NDD donor management is very 
limited, but supports these observations. (10-12) Moreover, severe inflammation and shock 
contribute to acute damage of all organs, threatening the transplantability of the kidneys, livers, 
lungs, hearts and pancreas.(4, 6, 13-15) 
Canadian guidelines (2006) for the management of potential NDD donors highlight 
hemodynamic management and hormone therapy (Table 1).(16) Since then, other groups have 
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released guidelines on donor care.(17-19) Recommendations on specific interventions  (e.g. 
hormone therapy) vary between guidelines and they still, more than ten years after the Canadian 
guidelines, rely mostly on animal and retrospective clinical studies, in the context of few 
published randomized trials.(5, 13, 15, 20) Hemodynamic management is fundamental to the 
practice of critical care.  Most Canadian critical care clinicians, however, have limited exposure 
to the management of potential NDD donors. Consequently, their approaches likely reflect their 
hemodynamic management for non-donor populations.  While observational studies can 
elucidate actual practice patterns, we sought to determine self-perceived practices in the context 
of knowledge about, and experience with, neurologically deceased donor care.  We 
hypothesized that stated knowledge and practices among Canadian critical care physicians are 
likely to vary, reflecting not only a lack of clinical research to guide practices, but also a potential 




Table 1. 2006 Canadian Guidelines recommendations according to survey domains 
 
Materials and Methods 
Sampling of Survey Participants and Centers 
We surveyed physicians from adult ICUs across Canada characterized by a high volume of adult 
NDD donors. To facilitate this study, provincial ODOs identified centers that had cared for at 
least 5 adult organ donors annually for 2 consecutive years (2014 and 2015) in the ICU. In some 
centers donors are initially managed on-site and then transferred to a designated organ referral 
center for procurement surgery. This approach to deceased donation is common in the province 
of Quebec and since management of donors occurs on-site, high-volume centers using this 
Survey domains 2006 Canadian guideline recommendations 
Autonomic storm management Hypertension is treated if  
• SBP > 160 mmHg 
• MAP > 90 mmHg 
First line treatment : 
• Nitroprusside or 
• Esmolol 
 
Hemodynamic monitoring and treatment Hemodynamic targets: 
• MAP ³ 70 mmHg 
• SBP ³ 100 mmHg 
• Heart rate 60-120 bpm 
• CVP 6-10 mmHg 
Agents for hemodynamic support 
• First line: Vasopressin 
• Alternatives: norepinephrine, 
epinephrine, phenylephrine 
Fluid resuscitation aims at maintaining 
normovolemia (CVP 6-10 mmHg) and normal 
urine output (0.5-3 ml/kg/h) 
Hormone therapy Combined hormone therapy (thyroid hormone, 
vasopressine and methylprednisolone) are 
recommended in: 
• Donors with LVEF £ 40% 
• Hemodynamic instability 
But considered in all donors 
 




approach were included. Provincial ODOs provided contact ICU Medical Director information 
from each center. When authorized by their physician colleagues, the ICU Directors provided 
an email address for each physician in their ICU. In the situation where ICU physicians declined 
to share their email addresses, ICU Medical Directors forwarded the survey link to their 
colleagues. The Research Ethics Board of Hôpital du Sacré-Coeur reviewed and approved this 
survey (#20141072). All respondent names and email addresses were to remain confidential, as 
were individual responses.  
 
Survey Development 
The development of this electronic self-administered survey followed current standards for item 
generation, item reduction, pre-testing and administration.(21, 22) 
 
Item Generation and Item Reduction 
The principal investigator (A.J.F) generated a preliminary list of survey items within four 
specific domains of deceased donor care: general support; autonomic storm management; other 
hemodynamic monitoring and treatment; and hormone therapy. A focus group including ICU 
donation clinicians and survey methodologists (A.J.F., K.S., P.M., M.M., D.W., E.C., F.DA.) 
refined the survey and reduced the number of questions.  The survey objectives, methods and 
all survey questions were presented at a scientific meeting of the Canadian Critical Care Trials 
Group (CCCTG) (Lake Louise, Alberta, February 2015). Members in attendance provided 
group feedback on the target population, the relevance of survey questions, clarity, and length 
of the questionnaire. We removed items perceived as redundant, and those perceived as least 
 
118 
relevant to the survey objectives, and we limited the target respondents to intensive care 
physicians in adult ICUs. 
 
Questionnaire Testing 
Five intensive care physicians external to our group, with expertise in survey development 
reviewed an electronic version of the survey with the objective of evaluating the relevance and 
comprehensiveness of items (i.e. face-validity). After minor revisions, we assessed test-retest 
reliability. Ten volunteer ICU physicians from the group of target respondents, with 
representation from 3 Canadian provinces, completed the questionnaire twice each at a four-
week interval. Survey items found to have low intra-rater validity (i.e.: Cohen’s kappa < 0.4) 
were either modified or removed. Since the questionnaire was modified following this pre-
testing, questionnaires from those 10 potential respondents were excluded from final analysis, 
as recommended.(23) Lastly, three ICU resident physicians subsequently tested time required 
to complete the questionnaire, which ranged from 10 to 13 minutes. 
 
Questionnaire Formatting 
We created an electronic English-language survey using SurveyMonkey® (Appendix 1). The 
final survey included 19 questions pertaining to 4 pre-specified domains and 5 demographic 
questions, for a total of 24 questions. We used 4-point Likert scales and multiple-choice 
questions. An option for textual responses was offered after every item.  Electronic distribution 
of the questionnaire to target participants was preceded by a personalized email explaining the 
study purpose. We also informed potential respondents about the voluntary nature of the survey, 





We distributed the electronic questionnaire to each target physician by email in September 2016. 
Two ICU Medical Directors, unable to provide contact information, forwarded an electronic 
link to the survey to their ICU physician colleagues. Four electronic reminders were sent over a 
3 month-period.  
 
Statistical analysis 
Completed questionnaires were entered into an SPSS database (IBM SPSS Statistics v24.0 




Provincial ODOs identified 44 centers with the requisite activity in deceased donation. The 
Medical Director of 4 centers (3 from Ontario and 1 from Saskatchewan) did not respond to 
email invitations to participate in this survey: therefore, 40 centers are included in this report 
(40/44; 90.9%). From these centers, we identified 448 potential respondents and contacted them 
by email. Ultimately, 184/448 (41.1%) participated. We classified the nineteen respondents who 
answered fewer than 4 of the 19 questions as ‘partial respondents’ and analyzed their responses 
separately.(23) Thus, a total of 165/448 (36.8%) potential respondents completed the 
questionnaire and are included in the final analysis as complete respondents. There was at least 
one respondent from each participating center, and the number of respondents from each 
province generally reflects the distribution of organ donation activity in Canada (Table 2). The 
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majority of responding ICU physicians had specialized training in internal medicine (n=94/165; 





Table 2. Demographics of respondents 
 
 
General donor support 
More than 60% of respondents (107/165; 64.8%) seek advice from ODO nurse specialists in 
most or all cases, with further advice occasionally sought from on-call ODO physicians (48/164; 
29.1%) or physicians in other centers (34/164; 20.6%). Most reported consulting pharmacists 
rarely or never (99/164; 60.4%). The majority of respondents always or usually (125/165; 
Variable Proportion of Respondents, n (%) 





















Medical specialty of respondents n = 165 
   Internal medicine 
   Family medicine 
   Emergency medicine 
   Surgery 
   Anesthesia 








   Yes 
   No 






   Yes 
   No 





Organ retrieval center * 
  Yes 
  No 







75.8%) rely upon local protocols for donor care, and the 2006 Canadian Guidelines were 
strongly (84/165; 50.9%) or always (38/165; 23.0%) identified as a reliable source (Table 3) 
 
 
Table 3. Sources of guidance for the medical management of neurologically deceased donors 
Variable, n/N (%) Complete Respondents N = 165* Partial respondents N =19** 




















Seeking advice from ODO nurse 
Always 



















Seeking advice from ODO physician$ 
Always 



















Seeking advice from physician in another centre$ 
Always 





















Seeking advice from a pharmacist$ 
Always 





















Seeking advice in a local protocol*** 
Always 



















Seeking advice in online resources$ 
Always 








































The autonomic storm  
Nearly all respondents (159/165; 96.4%) consider a “rise of blood pressure” and most consider 
a “rise of heart rate” (135/165; 81.8%) as a component criterion for the diagnosis of an 
autonomic storm. Opinions varied on the importance of the “duration and/or timing” of 
hypertension or tachycardia in this diagnosis. Most respondents (100/162; 61.7%) stated that 
they react to isolated hypertension in this setting with the administration of antihypertensive 
medication, while others stated that they do not treat isolated hypertension (29/162; 17.9%). 
Preferred medication for the management of symptoms of autonomic storm are presented in 




Figure 1. Medication prescribed in the context of an autonomic storm 








Hemodynamic monitoring and treatment of hypotension 
The survey inquired about common triggers for fluid administration and fluid responsiveness 
prediction in all donors. Results are presented in Figure 2. In the specific situation of a 
hypotensive multi-organ donor without organ dysfunction and already fluid-resuscitated with 2 
liters of crystalloids, the stated preferred resuscitation fluid was Ringer’s lactate in 150/164 
respondents (94.9%) or normal saline in 98/164 (66.2%).  However,  68/164 respondents 
(47.2%) also perceived that they administer 5% albumin and 27/164 (20.0%) reported use of 
25% albumin. Balanced crystalloid solutions (e.g Osmolyte®, Plasmalyte®) were chosen by 
47/164 (29.3%) of respondents. No respondents stated that they would administer starch 





Figure 2. Triggers for fluid administration and fluid responsiveness 
 
Cardiac index measurement includes pulmonary artery catheter and other non-invasive 
measurements 
 
For a donor evaluated as hypotensive but euvolemic, 118/163 (71.5%) respondents would 
initiate vasopressor therapy even if no other signs of hypoperfusion were present. This number 
increased to 131/163 (80.4%) considering a donor with signs of hypoperfusion (e.g., oliguria) 
and to 134/163 (82.2%) considering a donor with associated hypoperfusion markers (e.g., 




When lung donation was considered, the majority of respondents would often or always refrain 
from additional fluids and, rather, initiate or optimize vasopressors (109/163; 66.9%). However, 
this number drops to 21/162 (13.0%) when the lungs were not considered for donation.  
 
Mean arterial pressure targets in donors hypotensive and unresponsive to volume varied from 
60 mmHg (26/162; 16.1%) to 70 mmHg (20/162; 12.4%) with the majority of respondents 
identifying 65 mmHg (n=106/162; 65.4%) as their preferred target. For donors with no evidence 
of diabetes insipidus at the time of hypotension, norepinephrine was the preferred first line 
vasopressor (93/164; 56.7%). Vasopressin was also frequently reported for this indication 
(68/164; 41.5%). The use of alternative vasopressors (e.g., epinephrine, dopamine or 
phenylephrine) appeared rarely (1/164; 0.6%). A minority of respondents 21/162 (13.0%) 
answered that they would never administrate inotropes (e.g., milrinone, dobutamine) to donors, 
who are euvolemic and normotensive. Faced with a hypotensive donor with signs of 
hypoperfusion, use of inotropes appeared to differ according to whether the donor’s heart was 
under consideration for transplantation: for potential cardiac donors, 78/162 respondents 
(48.2%) would administer an inotrope and for non-heart donors, 94/162 respondents (58.0%) 
would administer an inotrope.  
 
Hormone therapy 
The survey assessed three hormone therapies: corticosteroids, insulin and thyroid hormones. 
ODO donation and transplant clinicians largely influenced the prescription of both 
corticosteroids and thyroid hormones. Specifically, 77/161 (47.8%) respondents reported that 
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they prescribe corticosteroids and 33/161 (20.5%) thyroid hormones to donors specifically when 
requested by ODO clinicians.  
 
Some respondents stated that they generally order corticosteroids specifically for hemodynamic 
instability (48/161; 29.8%) and in the setting of potential for transplant of specific organs 
(43/161; 26.7%). One third (50/161; 31.1%) reported the prescription of corticosteroids to all 
donors, and few prescribe corticosteroids to no donors (6/161; 3.7%). Methylprednisolone was 
the preferred corticosteroid in 87/160 of respondents (54.4%). A stress dose of hydrocortisone 
(200-300 mg/day) was the preferred regimen for 46/160 (28.8%) of respondents.  
 
Thyroid hormones were reported as prescribed to all donors by 62/161 (37.6%) of respondents. 
Other most frequently reported indications included: left ventricular dysfunction in potential 
heart donors (40/160; 25%) and hemodynamic instability regardless of heart dysfunction 
(25/161; 15.5%). Some respondents (64/160; 40.0%) indicated that they were unfamiliar with 
the administration of insulin as part of a combined infusion of glucose, insulin and potassium 
(GIK). Still, 20/160 (12.5%) reported using GIK infusion in potential heart donors with left 
ventricular dysfunction or in donors with depressed left ventricular function regardless of the 
potential for heart donation (6/160; 3.75%).  
 
Partial respondents 
A group of respondents answered only the first 4 questions of the questionnaire (n=19/184). We 
considered them as partial respondents and their available responses were analyzed separately 
(Table 3). Compared to complete respondents, partial respondents appeared to have less 
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experience with the management of deceased organ donors. Their responses, however, were 
generally comparable to those of complete respondents  
 
Discussion 
In this survey of self-reported clinical practices in the hemodynamic management of NDD 
donors, 41% of 448 ICU physicians responded, with a geographical distribution that generally 
reflects the epidemiology of deceased donation in Canada.(2) Forty of 44 major Canadian 
donation centers were included and represented in this survey. 
 
The treatment of an autonomic storm in the setting of severe brain injury and potential organ 
donation is far from uniform. Physicians appear to apply varied diagnostic criteria and 
hemodynamic strategies, particularly when facing isolated hypertension. Variability in the self-
perceived practice on the management of an autonomic storm reflects the paucity of literature, 
which is limited to animal studies and one small retrospective clinical study.(5, 24, 25) Many 
respondents demonstrated that they treat an autonomic storm with consideration of the potential 
for organ donation.. Although not evaluated in a clinical study, the administration of a beta-
blocker to a potential donor in the context of an autonomic storm could prevent end-organ 
damage caused by catecholamine-induced direct toxicity.(5)  
 
The use of inotropes in NDD donors also varied, reflecting an existing controversy, particularly 
in the context of potential heart donation. Many respondents have demonstrated a reluctance to 
administrate inotropes to deceased donors, highlighting a possible concern to augment the 
hyperadrenergic state during and following an autonomic storm. Respondents have identified 
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vasopressin as one of their preferred first line vasoactive medication to treat hypotension in 
donors, likely reflecting the knowledge of central insufficiency of this hormone and of the 2006 
Canadian guideline recommendation on the treatment of hypotension.(16) In animal models, the 
surge in catecholamines occurring during the autonomic storm was deemed responsible for 
cardiomyocyte direct damage.(4) The administration of beta-agonist agents could theoretically 
contribute to further cardiac toxicity. To date, there are no investigations of milrinone or 
dobutamine in this setting to test this theoretical concern.(26)   
 
The frequent prescription of corticosteroids and/or thyroid hormones appeared largely 
influenced by ODOs and surgical teams. Since the publication of the guidelines, systematic 
reviews have concluded in insufficient evidence to support (or refute) corticosteroid or thyroid 
hormone supplementation.(16, 17) (27-29) Other retrospective studies demonstrating 
potentially impressive benefits on organ recovery, particularly in lung donors, may be influential 
in current reported practices.(14, 15, 20, 30-33) Additionally, it is conceivable that the use of 
low-dose hydrocortisone is largely driven by the general ICU literature.(34, 35) Although the 
benefit of corticosteroids in general ICU patients with shock remains controversial, they remain 
frequently prescribed by Canadian intensivists.(36, 37) The use of low dose hydrocortisone 
might also reflect the impact of the CORTICOME study.(16, 38) In this non-randomized study 
of deceased potential donors, low dose hydrocortisone was associated with reduced vasopressor 
doses and duration.(38) 
 
GIK infusions appear to be used infrequently. One observational study suggested an inotropic 
benefit with the use of GIK in the NDD donor population, specifically among those with severe 
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heart failure.(39) However, the paucity of confirmatory literature likely explains the lack of 
apparent uptake on the GIK infusions.  
 
Although ICU physicians indicated by their responses that they see the 2006 Canadian 
Guidelines as a reliable source of information, self-reported practices suggest otherwise. For 
example, the Canadian guideline suggests combined hormone therapy (vasopressin, 
corticosteroids, and thyroid hormone) to all donors, but more strongly recommends combined 
hormone therapy to hemodynamically unstable donors, and corticosteroids specifically to lung 
donors.(16) In contrast, respondents’ self-perceived practice on the use of hormone therapy 
suggested variability in opinions, with about a third of respondents perceiving that they 
prescribe hormone therapy to all donors. Also, about 20% of respondents report that they do not 
treat hypertension in the context of an autonomic storm, a practice that does not comply with 
the 2006 Canadian guideline where a treatment is recommended for a mean arterial pressure 
over 90 mmHg or a systolic blood pressure over 160 mmHg. (Table 1) (16) Moreover, 9 
different pharmacological agents were identified by our respondents as their preferred treatment 
for an autonomic storm, and yet the guideline recommendation is limited to esmolol or 
nitroprusside infusions to treat hypertension. 
 
Similar to our findings, a survey on self-reported practice of ODO clinicians when caring for 
pediatric donors reported variance in compliance to the most recent American guideline 
recommendations.(17, 40) Varying compliance rates (ranging between 3% and 100%) the 
American guidelines recommendations was also reported by an observational cross-sectional 
study in Belgium (17, 41). However, our survey was not designed to compare the self-reported 
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practices to the Canadian guidelines recommendations. Therefore, we cannot conclude that ICU 
physicians do not find the guidelines as a reliable source of information. In the context of this 
survey’s objectives, the possible disparity between ICU physicians’ self-reported practices in 
some areas and the guideline recommendations generates hypotheses on the need for knowledge 
translational educational tools and on the importance of collaborating with stakeholders from 
transplantation and ODO teams in designing future clinical research. 
 
We surveyed participants about the role of ODO specialists in their care of deceased organ 
donors. In Canada, on-site ODO nurses are generally responsible for organ compatibility testing 
and allocation, but their clinical involvement on direct donor care may vary from center to 
center. Survey results suggest that ODO nurses play a major role in counseling ICU physicians; 
consequently, their implicit involvement in knowledge translation deserves explicit 
recognition.(42) Moreover, our findings of varied practices suggest that this is a suitable area 
for education and knowledge translation interventions and research. Consideration of the 
implicit or explicit roles of ODO specialists in such initiatives will be essential.(43) 
 
This survey also raised questions about the involvement of ICU pharmacists in deceased donor 
management since few respondents indicated relying on their expertise when caring for 
donors.(44) While this survey was not designed to explore specific activities of ICU pharmacists 
(protocols, counseling, teaching, clinical evaluation), our findings suggest that they may be an 
underutilized resource for education and knowledge translation.  
 
Strengths and Limitations 
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This survey meets the objective of exploring the variability in self-perceived practices for the 
management of NDD donors in Canada. As an ongoing large observational study will describe 
donor care interventions in Canadian ICUs, this survey helps to understand and generate 
hypotheses about the rationale for current practices and underlying beliefs.(45) For example, 
understanding that the prescription of hormone therapy by ICU physicians is largely influenced 
by ODO and surgery teams, was highly informative in that it suggests the need for more 
information related to donor care right at the bedside. It also will guide important collaborations 
with stakeholder ODOs and transplant programs for future clinical trials. 
Following current standards for the development of questionnaires to survey health 
professionals about their stated practices, we used focused groups and extensive pre-testing to 
ensure relevance, clarity, and ease of completion. Our survey response rate was low (41.1%), 
limiting generalizability; however, we felt it was important to survey broadly, including 
physicians across a spectrum of experience with donor care. Also, we successfully obtained 
information from almost all the major Canadian organ donation centers (40/440; 91.9%), 
although Alberta physicians appear under-represented. The results, even with low response rate,  
reveal the variability in management resulting from paucity of evidence. It is likely that survey 
respondents have a different level of interest and expertise in organ donor management than 
non-respondents. Corroborating this hypothesis, an analysis among the 19 partial respondents 
revealed that they had less experience in donor management than complete respondents. Based 
on empirical evidence, found in unrelated surveys, the characteristics of survey non-respondents 
are generally similar to those of partial respondents.(46) The response rate in this survey is 
similar to recent surveys (30-40%) of Canadian ICU clinicians. (47) (48-50) In addition, a recent 
survey of health professionals on the need for education programs in organ donation reported a 
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response rate of 15%.(51) One notable difference between our survey and those that have 
reported higher response rates may be the sampling strategy. Many published surveys have used 
society membership lists or even research consortia, thus targeting more involved participants. 
However, we sought to survey a broader sample of critical care physicians.(37, 52)   
 
Conclusion 
In a national survey of ICU physicians, we perceived variability in self-perceived practice in the 
stated management of neurologically deceased organ donors, in a context where the impact of 
specific interventions on organ suitability or availability is uncertain. Differences in opinions 
may relate to the paucity of research in this field and to the relative inexperience of many 
physicians in managing deceased donors, which make up a very small fraction of the clinical 
case load in most centers. However, the survey also revealed the importance of clinical nurse 
specialists (from ODOs) in decision-making. Thus, this survey highlights the need for clinical 
research and education specific to the hemodynamic management of organ donors, and also 
specific to current models of knowledge dissemination in deceased donor care. 
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Appendix 1. Survey questionnaire 
Q1 : How many neurologically deceased donors do you personnally manage in a typical year ? 
(0-3 ; 4-6 ; 7-9 ;10-12 ; >12) 
 
Q2 :  When managing a neurologically deceased donor, how often do you seek advice from the 
following ? (never ; rare cases, occasional cases ; most cases ; all cases)  
a) A nurse coordinator from the organ donation organization (ODO) 
b) Physician experts within the ODO 
c) Experts from another centre 
d) A pharmacist 
e) Local protocol 
f) Online resources 
 
Q3 : How strongly do you rely on Canadian guidelines when you are managing a neurologically 
deceased potential donor ? (not at all ; fairly ; strongly ; always) 
 
Q4 : The period of time before, during and after brain death is sometimes associated with an 
adrenergic storm (also known as cathecolamine storm). In your opinion, what variables should 
be part of a clinically useful definition of the adrenergic storm ? (Please check all that apply) 
a) A rise in blood pressure (either as a percentage of a threshold) 
b) A rise in heart rate (either as a percentage or a threshold) 
c) A duration of the event 
d) The timing of onset of the event (relative to declaration of brain death) 
e) Other : please specify 
 
Q5 : You are managing a neurologically deceased donor that you perceive is euvolemic. All 
organs are under consideration for donation and transplantation. You suspect that the donor is 
in the throes of an adrenergic storm. In which of the following situations would you usually 
intervene with medication ? (Please check all that apply) 
a) A recurrent or persistent rise in blood pressure with no increase in heart rate 




c) A recurrent or persistent rise in both blood pressure and heart rate (sinus 
tachycardia) 
d) I would not intervene with medication in this situation 
 
Q6: When you choose to treat an adrenergic storm with medication, what best describes your 
hemodynamic targets assuming that the donor has no history of hypertension? (Please select 
one answer) 
a) I aim for the patient’s most recent stable hemodynamic parameters 
b) I aim for a percentage reduction in blood pressure and/or heart rate 
c) I aim for specific target values of blood pressure and/or heart rate for all donors 
d) I do not treat hemodynamic changes in the setting of an adrenergic storm 
 
Q7: In the case of a neurologically deceased donor presenting in an adrenergic storm, for each 
for the following situations, what would you typically choose as a first line agent, assuming that 
all the organs are under consideration for transplantation? IF 
a) High blood pressure and normal heart rate 
b) High blood pressure and sinus tachycardia 









i. I would not typically intervene with medication 
 
Q8: How frequently do you rely upon the following variables (or changes in these variables) to 
trigger fluid administration and/or monitor fluid response in neurologically deceased donors? 
(never, rarely, sometimes, often, always) 
a) Central venous pressure 
b) Hourly measured urinary output 
c) Catecholamine dose 
d) Cardiac output or cardiac index, as measured other than by echography 




Q9: Neurologically deceased donors often become hypotensive. In which of the following 
situations would you intervene using vasopressors in a euvolemic donor? (Please select all that 
apply) 
a) Hypotension with no other sign of hypoperfusion 
b) Hypotension with a decrease in urine output and no other clinical signs of 
hypoperfusion 
c) Hypotension with a significant modification in biological markers of perfusion 
(e.g.: serum lactate, SVO2) 
d) None of these situations 
e) Other (please specify) 
 
Q10: A neurologically deceased donor required fluid resuscitation according to your targets. 
You administered 2 litres of intravenous crystalloid over a short period of time and decided that 
another fluid bolus is indicated in this patient. Considering only the fluids available in your 
centre, what would you administer to the donor; assuming that s/he has neither renal failure nor 
active bleeding and that all organs are under consideration for donation? 
a) Ringer’s lactate 
b) Physiologic saline (0.9%) 
c) Osmolyte or Plasma-Lyte or other balanced solutions 
d) Albumin 5% 
e) Albumin 25% 
f) Starches 
 
Q11: You are managing a potential neurologically deceased donor. This donor has reduced 
PaO2/FiO2 but the lungs are considered for donation if the oxygenation would normalize. All 
other organs are also considered for donation. Actually the mean arterial pressure is below your 
target. In similar situations, how often would you refrain from additional fluids and move 
quickly to initiate (or increase the dose of) vasopressors (norepinephrine, vasopressin, 
epinephrine, dopamine or phenylephrine)? (never, rarely, sometimes, often, always) 
 
Q12: You are managing a potential neurologically deceased donor. This donor has reduced 
PaO2/FiO2 but the lungs are NOT considered for donation even if the oxygenation would 
normalize. Only the kidneys are considered for donation in this patient. Actually the mean 
arterial pressure is below your target. In similar situations, how often would you refrain from 
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additional fluids and move quickly to initiate (or increase the dose of) vasopressors 
(norepinephrine, vasopressin, epinephrine, dopamine or phenylephrine)? (never, rarely, 
sometimes, often, always) 
 
Q13: A neurologically deceased donor is admitted to you unit. Very shortly following brain 
death, s/he develops hypotension that is unresponsive to volume resuscitation. In this situation, 
what would be your minimum mean arterial pressure (MAP) target? (Please select one answer) 
a) 60 mmHg or more 
b) 65 mmHg or more 
c) 70 mmHg or more 
d) 75 mmHg or more 
e) Other (please specify) 
 
Q14: In a neurologically deceased donor who develops hypotension that is unresponsive to 
volume resuscitation, what would be your preferred first line pharmacological therapy assuming 






f) Other (please specify) 
 
Q15: In which of the following situations would you administer pharmacological inotropes (for 
example dobutamine, milrinone) to neurologically deceased donors? Consider this donor to be 
euvolemic and with acceptable blood pressure (Please select all that apply) 
a) In donors with signs of hypoperfusion AND in whom the heart is considered for 
donation 
b) In donors with signs of hypoperfusion BUT in whom the heart is NOT considered 
for donation 
c) In donors with no signs of hypoperfusion BUT with low left ventricular ejection 
fraction (LVEF) or cardiac index, independent of whether the heart is considered 
for donation 
d) In donors with low LVEF or cardiac index, in whom the heart could be considered 





Q16: For which of the following situations do you use GIK (a combined infusion of glucose, 
insulin and potassium) in neurologically deceased donors (Please check all that apply) 
a) For low left ventricular ejection fraction (LVEF) (or low cardiac output), in order to 
optimize heart function for donation 
b) For low LVEF (or cardiac output), regardless of the potential for heart donation 
c) Every donor receives GIK 
d) Only for donors requiring insulin for hyperglycemia 
e) None of the situations 
f) Unsure (not familiar with GIK administration) 
g) Other (please specify) 
 
Q17: In which situation(s) do you prescribe corticosteroids to a neurologically deceased donor 
(Please check all that apply) 
a) Neurologically deceased donors featuring any sign of hemodynamic instability 
(e.g. requiring vasopressors, low left ventricular ejection fraction), regardless of 
which organs are potentially retrievable 
b) Neurologically deceased donors in whom specific organs are considered for 
transplant (lungs, heart, kidney) 
c) I never prescribe corticosteroids in neurologically deceased donors 
d) When requested by others (e.g. a transplant surgeon or a member of the organ 
procurement organization) 
e) All neurologically deceased donors regardless of hemodynamic stability and/or 
potentially retrievable organs 
f) Other (please specify) 
 
Q18: Which of the following corticosteroid agent do you typically prescribe for neurologically 
deceased donors? (Please select one answer) 
a) Methylprednisolone 25 mg/kg or 1-2 g IV q24h 
b) Hydrocortisone 50-100 mg IV q6-8h 
c) Hydrocortisone infusion (50 mg bolus and 10 mg/h or any similar regimen) 
d) I do not prescribe corticosteroids to donors 
 
Q19: In which situation do you typically prescribe thyroid hormones to neurologically deceased 
donors? (Please select all that apply) 
a) Neurologically deceased donors with low left ventricular ejection fraction (LVEF) 
AND in whom the heart is considered for donation 
b) Neurologically deceased donors with low LVEF regardless of if the heart is 
considered for donation 
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c) Neurologically deceased donors with hemodynamic instability, regardless of the 
LVEF and regardless which organs may be donated 
d) If requestion by a transplant surgeon, or member of the organ donation 
organization 
e) In none of these situations 
f) All neurologically deceased donors regardless of the hemodynamic stability 
and/or potentially retrievable organs 




Q20: In which province is your hospital situated? 
 
Q21: What best describes your primary medical specialty training? 
a) Internal medicine 
b) Family medicine (with or without 1 year of emergency medicine) 
c) Emergency medicine (5 years) 
d) General surgery or surgical subspecialty 
e) Anaesthesiology 
 
Q22: Does organ retrieval surgery occur in your hospital? (yes/no) 
 
Q23: Does organ transplant occur in your hospital? (yes/no) 
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Purpose: Right ventricular RV dysfunction among transplant recipients correlates with 
transplant outcome, but its frequency in donors is unknown. The purpose of this study was to 
describe the epidemiology of RV dysfunction in potential heart donors.” 
 
Methods: In a seven-year retrospective study of potential heart donors, we explored the 
incidence of RV dysfunction as observed on echocardiography and explored the association of 
four distinct factors with RV dysfunction: brain injury diagnosis, thoracic trauma, vasopressin 
infusion and left ventricular (LV) dysfunction. 
 
Results: All 123 potential heart donors underwent echocardiography: 55 had RV dysfunction 
(44.7%). Fourty-one  (33.3%) had LV dysfunction. Isolated RV dysfunction was present in 27 
subjects (22%). LV dysfunction was the only factor significantly associated with RV 
dysfunction (OR = 4.6 (95% CI 1.9-11.4)). We observed no difference in heart acceptance 
between subjects with or without RV dysfunction. 
 
Conclusion: We observed a high frequency of RV dysfunction in a sample of potential heart 
donors. However, the temporal evolution of RV dysfunction, the hemodynamic predictors of 
RV dysfunction, as well the link between donor RV dysfunction and recipient outcomes need 




Since the earliest human heart transplantation in 1967, the demand for hearts through deceased 
organ donation has progressively increased while supply has remained insufficient.[1] In 2016, 
4135 candidates were waiting for a heart transplantation in the US.[2] The rate of heart donation 
from potential neurologically deceased organ donors is relatively low, with study estimates 
ranging from 29 to 60%.[3, 4] For heart recipients, a longer time spent on the waiting list 
increases the risk of transplant failure.[5] For these many reasons, careful investigations into 





No systematic approach to the assessment of right ventricle function in potential donors exists 
and the use of monitoring parameters such as cardiac echography, central venous pressure 
measurement or invasive monitoring is variable.[6] To date, though clinicians caring for 
deceased organ donors may recognize the importance of the right ventricle and strive to assess 
its function, clinical studies on heart dysfunction in neurologically deceased donors have been 
limited to the left ventricle(LV).[4, 7, 8] Current estimates suggest that transplant programs 
decline hearts 10-42% of potential heart donations based on LV dysfunction.[8-10] Meanwhile, 
animal models of neurological death and cardiac transplantation suggest that the 
pathophysiology of brain herniation also induces RV dysfunction.[7] Moreover, RV dysfunction 
among recipients is an established predictor of  transplant failure, but the strength of association 
between donor and recipient RV dysfunction is unknown.[7, 11, 12]  
 
The primary aim of this study was to describe the epidemiology of RV dysfunction after 
neurological death among potential heart donors, as assessed by echocardiography in an organ 




Material and methods 
 
Setting and Study Population 
 
The Hôpital du Sacré-Coeur de Montréal is a tertiary care hospital in Montreal, Canada, and a 
provincial referral centre for deceased donor management and organ procurement.[13] The 
hospital Research Ethics Board approved the execution of this research with a waiver of research 
consent.  
In this retrospective cohort study, we identified consecutive potential organ donors admitted to 
this hospital over the period of January 2009 to July 2016 by cross-referencing the intensive 
care unit (ICU) admission list to a database of the provincial organ donation organization, 
Transplant Quebec. Cross-referencing these donors further to the hospital echocardiography 
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registry, we included every potential heart organ donor that underwent at least one formal 
transthoracic echocardiogram at the study institution. In keeping with Transplant-Quebec and 
Hôpital du Sacré-Coeur criteria for potential heart donation, we excluded potential donors that 
were not potential heart donors with the following exclusion criteria: age of 70 years or more, 
early termination of the donation process through Transplant-Quebec, known pre-existing 
cardiac comorbidities (mechanic valve replacement, coronary artery bypass graft, coronary 
artery disease on angiogram, endocarditis), and extracorporeal membrane oxygenation in the 
ICU. 
At the study institution, all potential donors that do not present one of these explicit heart 
donation exclusion criteria, even those with risk factors for coronary artery disease (age over 45 
years or medical risk factors) are considered as potential heart donors until ruled out by cardiac 
catheterization, which, occurs after the first echocardiography. Accordingly, these subjects were 
considered potential heart donors for the purpose of this study. We lastly excluded subjects for 
whom echocardiography results of the right ventricle were unavailable or uninterpretable. 
Before 2013, organ recovery surgeries were not performed at the study institution. Potential 
donors were admitted to the ICU and taken care of until transfer to another facility for organ 
recovery and organ transplant surgeries. For logistic reasons, potential donors were sometimes 
transferred before a first echocardiography could be performed at the study institution, 





Study investigators uploaded the digitally-stored, cineloop formal echocardiogram results from 
the institutional cardiology service echocardiogram database.  For study participants with more 
than one echocardiogram on record, we describe the total number of echocardiograms but 
include in these analyses only the first echocardiogram after neurological death.  
 
All echocardiograms had been previously analysed by cardiologists with advanced certification 
in echocardiography. For the purpose of this study, one of these echocardiographers (RL) 
reviewed each echocardiogram without access to any additional clinical or research data.  
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Differences between the original report and the study report were resolved by consensus with 
one of the study investigators (KS). 
Echocardiographic images included 5 standard views (parasternal long axis, short axis, and 
apical 2-, 3- and 4-chamber views).  RV function was evaluated by measuring tricuspid annular 
velocity (S’) by tissue Doppler and by calculating the Fractional Area Change (FAC), when 
feasible.[14] LV dimensions, RV dimensions, left atrial dimensions and the presence of valvular 
disease were also assessed.[14] RV systolic function was considered abnormal when S’ was 
lower than 10 cm/s and/or FAC was lower than 35%.[14] LV ejection fraction (EF) was assessed 
visually and measured by the Simpson biplane method, and a LVEF less than 50% was classified 
as abnormal.[10, 15, 16] LV diastolic function was assessed as recommended by the American 
Society of Echocardiogram by measuring the early mitral filling wave (E)/atrial contraction 
wave (A) ratio on pulse-wave Doppler, the tissue-Doppler early mitral filling wave (e’) at the 





Based on literature review and discussion with the investigators, we identified eight variables 
to test for possible association with RV dysfunction: donor’s age, gender, mechanism of brain 
injury, pre-existing hypertension, LV systolic dysfunction, LV diastolic dysfunction, pulmonary 
hypertension, and the use of vasopressors.[19]  
We developed and pretested a standardized case report form. From medical charts, one study 
investigator (C.V) recorded demographic data (e.g., age, gender, weight), relevant comorbidities 
(e.g.,diabetes, dyslipidemia, coronary artery disease, hypertension), and clinical data (e.g., 
medication at the time of echocardiogram, presence of thoracic trauma and troponin I levels) as 
well as data relative to the timing and cause of neurological death. We recorded all available 
troponin levels following neurological death determination and then, classified levels greater 
than 1.6 mcg/ml as indicative of myocardial injury.[20] We also collected information on the 
medication administered to the donors (e.g, vasopressor and inotrope infusions, hormone 
therapy). Thoracic trauma was identified to exclude blunt cardiac injury as a cause of cardiac 
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dysfunction, as determined by the presence of at least one of the following: rib fracture not 
related to cardiac compressions, pulmonary contusion, or sternal fracture.  
Pulmonary artery pressure measurements were recorded for all potential donors with a 
pulmonary artery catheter in situ. We then classified pulmonary artery pressures greater than 35 





The purpose of this study was to describe the epidemiology of RV dysfunction after neurological 
death among potential heart donors, as assessed by echocardiography. The primary outcome, 
was to report the frequency and the incidence of RV dysfunction among potential heart donors. 
We describe characteristics of the study sample using means and proportions with standard 
deviations (SD), or medians with interquartile ranges (IQR), as appropriate. Incidence are 
reported in percentage of cases per month. We compared the clinical characteristics of subjects 
with and without RV dysfunction and of subjects with and without LV dysfunction using Chi-
square (or Fisher exact test) and student T-test (or Mann-Whitney U test), as necessary. The 
secondary objective of the study was to explore potential factors associated with RV 
dysfunction. To fill the secondary objective of the study, we used multivariate logistic regression 
and reported the outcome using odds ratio. We selected variables with a nominal statistical 
significance denoted by a p-value less than or equal to 0.2 in the univariate analysis for the 
inclusion in the model. Despite a p-value higher than the predefined cut-off, hypertension was 
forced in the RV dysfunction model because of known associations between pre-existing 
hypertension and RV functional alterations, hypertension and LV diastolic dysfunction, and LV 
diastolic dysfunction and RV dysfunction.[21-23] We evaluated goodness of fit using the 
Hosmer-Lemeshow test. The model was also tested for multicollinearity and residuals and 
outliers were examined. For all two-sided comparisons, we applied a p value of less than 0.05 
to denote statistical significance. One investigator (AJF) performed all of the statistical analyses 







Over the study period, 244 neurologically deceased potential organ donors, were admitted to 
our institution. Sixty of them did not meet the specified criteria for heart donation and were 
excluded from the study. The most frequent reason for heart decline was age over 70 years.  
From the remaining 184 potential heart donors, 40 were transferred to another facility before 
the first echocardiography for administrative reasons. The calculated incidence for potential 
heart donors in the cohort was 5.05%/month. For 21 study participants, quantitative parameters 
of RV function were not measurable due to poor image quality. Table 1 summarizes the 
characteristics of these 61 excluded subjects. The study cohort, therefore, includes 123 potential 








Figure 1. Inclusion of the study subjects 
 
 
ECMO = exracorporeal membrane oxygenation; CABG = coronary artery bypass graft; CAD = 
coronary artery disease 
Referral for potential 
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The majority of study subjects were males (n = 81; 65.9%), who had suffered a traumatic brain 
injury (n = 49; 39.8%) (Table 1). Based on charted past medical history, 16 (13.0%) of these 
subjects had possible pre-existing coronary artery disease at the time of consideration for heart 
donation.  
Table 1. Characteristics of the Study Sample 




Age, median years (Q1-Q3) 49.0 (28-60) 45 (31-58.8) 53 (28-61) 
Male, number (%) 81 (65.9) 39 (70.9) 42 (61.8) 
Thoracic trauma, number (%) 31 (25.2) 9 (16.4) 22 (32.4) 
Medical history, numbers (%) 
Hypertension 25 (20.3) 13 (23.7) 12 (17.6) 
Diabetes mellitus 13 (10.6) 7 (12.7) 6 (8.8) 
Coronary artery disease* 16 (13.0) 5 (9.1) 11 (16.2) 
Dyslipidemia 17 (13.8) 10 (18.2) 7 (10.2) 
Cause of death, numbers (%) 
Traumatic brain injury 49 (39.8) 18 (32.7) 31 (45.6) 
Anoxia 27 (21.9) 14 (0.3) 13 (0.2) 
Non traumatic subarachnoid 
haemorrhage 
18 (14.6) 9 (0.2) 9 (0.1) 
Brain haemorrhage 18 (14.6) 8 (0.2) 10 (0.2) 
Ischemic stroke 10 (8.1) 6 (0.1) 4 (0.1) 
Methanol poisoning 1 (0.8) 1 (0.02) 0 
Medication at the moment of the echocardiography, numbers (%) 
Vasopressin 96 (78.0) 46 (83.6) 50 (73.5) 
Noradrenaline 68 (55.3) 32 (58.2) 36 (52.9) 
Methylprednisolone 58 (47.2) 27 (49.1) 31 (45.6) 
Levothyroxine 17 (13.8) 10 (19.1) 7 (10.3) 
Milrinone 4 (0.03) 4 (0.1) 0 




The median elapsed time from the declaration of neurological death to the first echocardiogram 
was 4.6 hours (Q1-Q3 2.0-13.0). Ninety-three subjects (75.6%) had only one echocardiogram 
performed after neurological death, 21 subjects (17.1%) had 2 echocardiograms and 8 subjects 
(6.5%) had 3 or more. On the first echocardiogram, mean FAC and S’ were respectively 38.8% 
(SD 10.8) and 11.5 cm/s (SD 3.2). At the time of the first echocardiogram, 21 (17.1%) were 
receiving vasopressors and 3 (2.4%) had a combined infusion of glucose, insulin and potassium 
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(GIK). Methylprednisolone was used in 58 subjects (47.2%) and levothyroxine in 17 subjects 
(13.8%). Twenty-eight (23.8%) subjects had positive troponin I levels. Pulmonary artery 
pressure results were available for 50 of the 123 included subjects, and 9 (18%) had pulmonary 
hypertension. 
 
The overall frequency of RV dysfunction either isolated or combined with LV dysfunction was 
44.7% (n=55/123), corresponding to an incidence of 6.4%/month for the study period. Mean 
FAC and S’ were respectively 31.0% (SD 8.9) and 10.1 cm/s (SD 3.7) in subjects with RV 
dysfunction.). LV systolic dysfunction was more frequent in donors with RV dysfunction than 
in those with normal RV function (51% vs 19%; p<0.001). In subject with RV dysfunction, the 
heart acceptance rate was 47% (26/55). Thirty nine of the 68 subjects (57%) without RV 
dysfunction became heart donors.  
Isolated RV dysfunction was present in 27 of the 123 subjects (22.0%), corresponding to an 
incidence of 3.14%/month for the study period. FAC measurement results were available for all 
the 27 subjects with a median of 29.0 % (Q1-Q3: 26.5-35). S’ measurement results were 
available for 11 of the 27 subjects with a median of 12.8 cm/s (Q1-Q3: 4.0-12.8). Characteristics 
of subjects with isolated RV dysfunction are presented at Table 2.  From the 27 subjects with 
isolated RV dysfunction, none had more than one echocardiography performed. Heart donation 
was possible for 13 of the 27 subjects (48.1%) with isolated RV dysfunction.  
Table 2. Characteristics of subjects with isolated RV dysfunction 
Variable N = 27 
Age, median years (Q1-Q3) 58.0 (29.0-63.0) 
Male, number (%) 20 (74.1) 
Thoracic trauma, number (%) 5 (18.5) 
Medical history, numbers (%) 
Hypertension, number (%) 7 (25.9) 
Diabetes 4 (14.8) 
Coronary artery disease** 4 (14.8) 
Dyslipidemia 6 (22.2) 
Cause of death, numbers (%) 
Traumatic brain injury 12 (44.4) 
Anoxia 3 (11.1) 
Non traumatic subarachnoid haemorrhage 3 (11.1) 
Brain haemorrhage 7 (25.0) 
Ischemic stroke 2 (7.4) 
Methanol poisoning 0 




Potential predictors of RV dysfunction 
 
Some pre-selected variables could not be included in the model to identify predictors of RV 
dysfunction. Only 50 of the 123 subjects had a pulmonary artery catheter in situ; 24 in subjects 
with RV dysfunction (n= 24/55; 43.6%) and 26 in subjects without RV dysfunction (n=26/68; 
38.2%). Missing data precluded inclusion of pulmonary artery measurement in the model. Left 
ventricular diastolic dysfunction was evaluated in 73 of the 123 included subjects and found to 
be present in 45/73 subjects (61.6%). In the majority (41 of the 45), LV diastolic dysfunction 
was mild and 4 subjects had moderate dysfunction. Missing data precluded inclusion of LV 
diastolic dysfunction measurements in the model. 
 
Among the remaining variables, diagnosis of traumatic brain injury, thoracic trauma, current or 
recent administration of vasopressin, and concomitant LV systolic dysfunction were identified 
in the univariate analysis as potentially associated with RV dysfunction (p≤0.2). Comparisons 
between donors with and without RV dysfunction are shown in Table 1. Only concomitant LV 
dysfunction was independently associated with RV dysfunction in the multivariate model [OR 
= 4.6 (95% CI 1.9-11.4); p < 0.001] (Table 3). The model was valid based on the analysis of the 





Table 3. Multivariate logistic regression models of variables associated with RV dysfunction 
Variable OR 95% CI P value 
LV dysfunction 4.5 1.9-11.1 0.001 
Hypertension 1.4 0.5-3.7 0.5 
Traumatic brain injury 1.2 0.5-3.1 0.6 
Vasopressin 1.2 0.5-3.3 0.7 
Thoracic trauma 0.4 0.1-1.1 0.08 





In this retrospective observational study of consecutive potential heart donors in an organ donor 
referral centre, we observed a high frequency of RV dysfunction among neurologically deceased 
potential heart donors. Candidates for heart donor in this cohort was around 5%. The relative 
frequency of isolated RV dysfunction among potential heart donors is 22%, which is, in our 
opinion, high, especially if we compare with known frequency of LV dysfunction reported in 
the literature. While the only apparent predictor of RV dysfunction among these subjects was 
LV dysfunction, 22% (n=27/123) of the cohort had isolated RV dysfunction.   
 
The specific pathophysiology of RV dysfunction following neurological death has been scarcely 
described. An increase in pulmonary vascular resistance caused by the catecholamine surge or 
mediated by neurological death-induced inflammation has been implicated. [24, 25] Moreover, 
factors associated with increased RV afterload (mechanical ventilation, PEEP) or decreased RV 
preload (mechanical ventilation, polyuria from diabetes insipidus, or neurological death-
associated inflammation) could also play a role in RV dysfunction. If these factors related to the 
acute process of neurological death or its management are indeed the principal causes for RV 
dysfunction, reversibility of RV dysfunction is then possible and may be a useful future target 
for donor management. Repeated echocardiography assessments in potential donors with initial 
RV dysfunction could further inform on RV dysfunction reversibility and its consequences on 
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recipients’ outcomes. Therefore, further prospective studies should aim at determining factors 
that lead to RV dysfunction, its optimal diagnosis methods and situations where reversibility of 
RV dysfunction are possible. The strongest predictor of RV dysfunction that we could identify 
in this study was LV dysfunction. The frequency of LV dysfunction is in accordance with 
previous published data, and this speaks to the credibility of both LV and RV findings in the 
current study.[8-10, 15] No predictors of LV dysfunction have been reproducibly identified in 
published studies, although age, body-mass index and longer management time from 
neurological death to echocardiogram have been possibly linked with results.[9, 10] 
 
Although RV and LV dysfunction were significantly correlated, isolated RV dysfunction was 
present in more than 20% of our subjects whereas isolated LV dysfunction was present in 10%.  
Similarly, in canine models of neurological death, RV dysfunction was found to be more 
prominent than LV dysfunction.[26, 27] 
Following heart transplantation, up to 50% of heart recipients will experience RV dysfunction, 
and 19% of those experiencing RV dysfunction will die early after transplantation.[28]  
Although recipient pulmonary hypertension and recipient RV dysfunction are known predictors 
of graft dysfunction and death, the specific impact of donor RV function on recipient RV 
function has been absent from reports to date.[29, 30] Careful evaluation of donor RV function 
and its potential for reversibility may be of outmost importance.  In this study, for 15% of the 
cohort of potential heart donors the echocardiographic parameters of RV function were not 
measurable due to poor image quality. The routine evaluation of RV function in potential heart 
donors is, to our opinion, warranted, and because of the potential impact on heart recipients, 






This study is limited by its retrospective nature and small sample size. As a result of the necessity 
to exclude donors with missing or uninterpretable echocardiography results and donors that 
were transferred to another facility for administrative reasons, the RV frequency reported in this 
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study needs to be confirmed prospectively.  Although reasons for exclusions were not 
necessarily related to donors’ hemodynamic status or potential for heart donation, we cannot 
exclude residual selection bias on the included sample.  Results of the exploratory multivariate 
analysis should be interpreted with caution since, due to the small sample size, additional 
potentially relevant variables could not be controlled for.  Moreover, data on central venous 
pressure, fluid status, diastolic function, pulmonary pressures and ventilator parameters, which 
could potentially have affected RV function, were not retrospectively available. Finally, we did 
not have access to recipient outcomes. However, a notable strength of this study compared to 
previous registry-based studies is the standardised conduct and blinded interpretation of all 




RV dysfunction is frequent among potential heart donors and LV dysfunction could be one of 
its predictors. However, the temporal evolution of RV dysfunction, the hemodynamic predictors 
(diastolic function, fluid status, pulmonary artery pressures) of RV dysfunction, as well the link 
between donor RV dysfunction and recipient outcomes need to be assessed with further studies. 
Prospective studies should aim at confirming the incidence of RV dysfunction as well as 
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Background: Although commonly prescribed, the efficacy of levothyroxine to improve heart 
function in neurologically deceased donors is unclear. We evaluated the feasibility of a 
randomized controlled trial to compare levothyroxine to placebo on the variation of left 
ventricular ejection fraction, in hemodynamically unstable donors. 
Methods: We conducted a pilot, double-blinded, randomized controlled trial. Deceased 
donors with reduced left ventricular ejection fraction or needing vasopressors were included. 
We randomized participants to a 20 μg bolus followed by a 20 μg/h infusion of levothyroxine 
or an identically appearing placebo. We report the proportion of recruited participants, the 
time to the administration of the study drug, and protocol violations. 
Results: Twenty-four participants (N = 24/104; 23.1%) were eligible. Five of them (N = 5/24; 
20.8%) were excluded by the attending physician. Four others were not included, due to 
family refusal for research (n = 2/24;8.3%) and unavailability of research staff (n = 2/24; 
8.3%). Fifteen participants were randomized (N = 15/104; 14.4%). Mean time between the 
echocardiography and the initiation of the drug was 1.73 hours, and14 (93.3%) of 15 of the 
participants received the drug within 2 hours after the echocardiography. We report no study 
violation. The study was stopped prematurely because of low recruitment. 
Conclusion: This pilot trial suggests that the success of a definitive randomized control trial to 
assess the efficacy of levothyroxine in deceased donors could benefit from a multicenter 
recruitment and education on the evidence surrounding the pharmacological management of 
organ donors. The need for consent to research interventions in deceased donors should also 
be clarified. 










Despite improvements in organ donor care, organ demand remains above supply. In the US, 
3769 adult patients were waiting for a heart transplantation in 2017.1 The potential for heart 
donation is limited by several factors including the donors’ cardiac risk factors as well as acute 
left heart dysfunction related to neurological death.2-4 Acute left heart dysfunction, defined as a 
reduced left ventricular ejection fraction (LVEF), is reported in up to 40% of potential donors.5 
The observed apoptosis and necrosis in cardiac myocytes could be induced by  a surge in 
catecholamines occurring in the period surrounding neurological death.6-8  
 
Supportive measures to optimize cardiac function in donors are still limited and poorly studied. 
Interventions that aim at reducing the impact of neurological death induced inflammation and 
of the autonomic storm on the heart derive principally from animal and observational studies.9-
11 Among proposed strategies, hormonal resuscitation has been associated with an improvement 
in organ procurement, particularly of hearts.11 Historically, hormone therapy has been studied 
as a bundle not only composed of pharmacological agents (including corticosteroids, insulin, 
vasopressin and triiodothyronine), but also of medical interventions in the intensive care unit 
(ICU).11-13 However, each individual component of the bundle has not been properly evaluated 
regarding the improvement of heart function. The administration of thyroid hormones represents 
the only pharmacological intervention specifically targeting the heart.11 Specifically, thyroid 
hormones are believed to supply for a deficit in anterior pituitary gland hormones related to 
neurological death, and improve heart contractility via a specific local receptor.14.15 Despite 
being widely used for donor management, the efficacy of thyroid hormones remains 
controversial, given the low quality of evidence.16-18 Moreover, the majority of donors included 
in the randomized controlled studies (RCT) evaluating thyroid hormones were 
hemodynamically stable, whereas hemodynamic instability in donors is frequent.18.19 
Conflicting data also exists regarding the safety of thyroid hormones in the context of 
liver donation.20-22 The efficacy of thyroid hormone administration on the donors’ heart 
function, and ultimately on recipients’ heart graft function, and its safety on other transplanted 




Conducting prospective evaluating research in the context of organ donation is challenging, and 
many barriers to success have been identified. These limitations include the uncertainty around 
the need for consent, the difficulty of collecting nominative recipients’ data following an 
intervention on donors, and the ability of enrolling organ donors in a time limited and difficult 
emotional context.24.25 For these reasons, we conducted a pilot RCT to assess the feasibility of 
evaluating the efficacy of levothyroxine infusion compared to placebo, in hemodynamically 
unstable donors, with the purpose of designing a larger multicenter trial. We also assessed the 





The pilot study was a single centre, parallel, double blinded, RCT comparing the administration 
of a levothyroxine infusion to a matching placebo infusion, in a 1:1 ratio. Study feasibility was 
evaluated using the following criteria: 1) Proportion of eligible recruited patients; 2) Time from 
echocardiography (T0) to study drug administration; 3) Proportion of protocol violations. 
Feasibility success was defined as: 1) a minimum of 70% of planned study recruitment (50 
patients) completed by 2 years; 2) at least 95% of patients receiving the study drug within 6 
hours of the first echocardiography; 3) at least 80% of adherence to the study protocol.26 The 
preliminary efficacy outcome was the variation in LVEF between baseline and after a 6-hour 
infusion of the study drug between the 2 groups compared to placebo.  
We also described the frequency of donated organs and the frequency of occurrence of de novo 
atrial fibrillation, liver recipients’ graft and their survival status at 6 months as safety monitoring. 
The study protocol was approved by the Ethics Committee of Hôpital du Sacré-Coeur de 




In the province of Quebec, when relatives consent to organ donation for a neurologically 
deceased patient, they can simultaneously consent to research on organs. For this pilot study, 
the Ethics committee approved the inclusion of subjects of whom relatives had signed both 
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consent to organ donation and to research on organs. In July 2016, the investigators met with 
the Ethics committee to discuss the challenges of study recruitment. A waiver of donors’ consent 
to research for this particular study was adopted based on the fact that neurologically deceased 
donors are not, by definition, designated by the law that aims at protecting Human rights in 
research.27 No consent was required from recipients either, since no direct observation was made 
on recipients and no nominative data on recipients were obtained. Regarding the administration 
or not of levothyroxine to donors, the prescription usually depends on clinicians’ decision, based 




Setting and sample 
 
The study was completed at the intensive care unit of Hôpital du Sacré-Coeur in Montréal, 
Quebec, Canada. This is a tertiary centre with a large experience in the care for organ donors. 
Data were prospectively collected by an on-site research coordinator (V.W) and a research nurse 
(AM.L). Given the suggestion for levothyroxine administration in the Canadian guidelines and 
based on Transplant-Quebec (local organ donation organization) criterion for heart donation, 
we included neurologically deceased subjects with the following criteria: age of 16 years or 
more, hemodynamic instability defined as LVEF of less than 50% as per formal 
echocardiography and/or the need for two vasopressors (at least 0.1 microgram/kilogram/minute 
noradrenaline and vasopressin) to maintain the target mean arterial pressure.16 Mean arterial 
pressure targets were left at the ICU physician discretion. Subjects older than 75 years, with a 
pre-existing history of heart failure, or with known coronary heart disease were initially 
excluded. Coronary heart disease (CHD) was defined as a past history of percutaneous coronary 
intervention or coronary artery bypass graft before admission. Subjects known for a chronic 
intake of oral T4 or T3 before admission or having received a levothyroxine infusion as a donor 
management treatment prior to study screening were also excluded.  
 
In June 2015, the study protocol was amended to increase the recruitment capacity. Subjects 
older than 75 years, with a history of CHD, or a chronic exogenous intake of oral thyroid 
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hormones prior to admission were then considered admissible. This decision was based on the 
primary clinical outcome (change in LVEF), considered as a proof of concept in this pilot study. 
Although the primary outcome of this study was feasibility, we believed that results on the 
change in LVEF would further inform on the necessity of conducting a multicenter RCT. 
 
Following consent to donation in the ICU, the local organ donation nurse notified the research 
coordinators. A member of the research team assessed the subject for eligibility and the organ 
donation nurse informed the family members of the project and verified the consent to research 




Forty to sixty donors are admitted every year at our centre and we expected a 40% proportion 
of hemodynamic unstable subjects, based on local data and literature.5.29 Although a sample size 
of 30 is often reported in pilot trials to assess feasibility, a sample size of 50 patients was 
preferred for this study.30 This sample size was meant to maximize the representation of the 
target population and to permit a comparison of the change in LVEF between groups. 
Considering an anticipated mean baseline LVEF of 35% (variance = 11) in donors with left 
ventricular dysfunction (local data), 25 patients per arm permitted to detect a 9% difference in 
LVEF variation between groups (α=	0.05;	β= 10%) in preliminary unadjusted analyses.  
 
 Randomization, blinding and allocation concealment 
 
Subjects were randomized to a 20-mcg bolus followed by a 20 mcg/h infusion of levothyroxine 
or an identically appearing placebo using a simple method (1:1) with an online computer-
assisted randomization system (Research randomizer®).31 The investigators, all attending 
clinical personnel, and donors’ families were blinded to the allocation. Patients were allocated 







The research nurse prepared the study drugs immediately after randomization. 
Levothyroxine 500 mcg/vial, supplied as a commercially available lyophilized powder (PPC), 
was reconstituted using 10 ml of sterile water according to the manufacturer recommendation. 
Then, 500 mcg of the reconstituted solution was injected in a commercially available 500 ml 5% 
dextrose polyolefin bag (final concentration 1 mcg/ml).32 Placebo consisted of identically 
appearing 500 ml 5% dextrose in polyolefin bags in which 10 ml of sterile water was added. 
The ICU nurse was instructed to administer a bolus of 20 ml (20 mcg) of the study drug infusion 
in 30 minutes followed by a 20-ml/h (20 mcg/h) infusion.16 Study drugs were delivered in a 
designated venous line to prevent any potential drug incompatibility. Since levothyroxine was 
considered as routine care at the time of the study, the study drug was provided from the donor 
hospital’s pharmacy department. In order to isolate the potential action of levothyroxine from 
other components of the previously reported hormone therapy cocktail, notably of 
corticosteroids, all donors included in the study received 15 mg/kg methylprednisolone as part 
of donor management. Also, the use of vasopressin as a primary vasopressor was advised and 
the use of insulin for glycemic control was recorded.  
 
Management of adverse events 
 
The attending ICU physician was allowed to hold the study drug infusion, according to clinical 
judgment, if he suspected any adverse event related to the study drug infusion or interference 
with donor care. We systematically recorded ECG results and reported the number of subjects 
experiencing de novo atrial fibrillation. We also retrieved information about the living status 
and graft function of liver recipients at 6 months. Anonymous information on the recipients was 
obtained directly by contacting the provincial organ donation organization. The researchers had 
no access to recipients’ identity or medical chart.   
 
Measurements 
We prospectively recorded the time of neurological death, the baseline and follow up 
echocardiography timing and results, as well as the timing of administration of the study drug. 
Echocardiographic images included 5 standard views (parasternal long axis, short axis, and 
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apical 2-, 3- and 4-chamber views).  LVEF was assessed visually and measured by the Simpson 
biplane method.33.34 Reasons for exclusion or study protocol violation were detailed and the 
proportion of recruited subjects from those eligible was calculated. Compliance with the study 
protocol was monitored at bedside by the research coordinator and violations were recorded and 
detailed. 
 
From the medical chart, we retrieved demographic data (gender, age, cause of brain death) and 
relevant past medical comorbidities (hypertension, diabetes, chronic obstructive pulmonary 
disease, smoking status, atrial fibrillation, coronary heart disease and dyslipidemia). We also 
collected the intake of beta blockers, statins, angiotensin converting enzyme inhibitor and 
angiotensin receptor antagonist prior to admission, and the use of vasopressin, corticosteroids 
and insulin after neurological death, as part of donor care. Echocardiography was first performed 
following brain death (baseline) and 6 hours (+/- 4 hours) after. LVEF results were recorded on 
both echocardiograms. The mean hourly dose of each vasopressor was recorded from baseline 
(T0) to 6 hours after the onset of the study drug infusion (T6). To facilitate the analysis, the 
mean hour vasopressin dose was converted and added to the noradrenaline dose in equivalent 
doses of 0.04 units/h of vasopressin and 8 microgram/minute of noradrenaline.35 Organ retrieval 
and transplant status of each donor’s organ, and living status and graft rejection in liver 
recipients were obtained prospectively from the regional organ donation organization. All 
collected data were reported on a pre-formatted form. 
 
Data analysis 
Data were analyzed using SPSS version 25, Chicago, USA. Quantitative data are reported using 
descriptive statistics (mean or median and proportions). The mean variation in LVEF and in 
mean hourly vasopressor dose from T0 to T6 was compared between the two groups using the 







We included the first patient in the study in July 2014, and the study was prematurely terminated 
in December 2016, due to slow recruitment, despite rigorous screening. During the study period, 
a total of 105 neurologically deceased donors were screened and 81 were considered non-
eligible.  A total of 24 subjects (22.9%) were considered eligible to the study according to the 
inclusion criteria. In 5 eligible subjects (n=5/24; 20.8%), the attending physician taking care of 
the donor refused to include the subject in the study, and administered an open-label 
levothyroxine infusion. Four others were not included, due to family refusal for research 
(n=2/24; 8.3%) and unavailability of research personal (n=2/24; 8.3%). Fifteen subjects were 
effectively randomized in the study (n=15/24; 62.5%) (Figure 1). 
 






The detailed reasons for exclusion during each study period (before 1st amendment, between 1st 
and 2nd amendment and after 2nd amendment) are reported in the supplementary material 
(Appendix 1). In summary, 50 subjects were screened before the 1st amendment and 42 of them 
(84.0%) were excluded. The main exclusion reasons during this study period were the absence 
of hemodynamic instability and the lack of consent to research. Thirty-six subjects were 
screened between the 1st and the 2nd amendment period of the study and 31 of them were 
excluded (86.1%). Reasons for exclusion were similar than for study period 1. Finally, 19 
subjects were screened after the 2nd amendment, and 17 of them were excluded (89.5%), mostly 
because of the absence of hemodynamic instability. 
 
Six subjects were randomly allocated to the levothyroxine group and 9 to the placebo group. 
Mean time between the first echocardiography and the initiation of the study drug was 1.73 
hours (SD: 3.5 hours), and 14/15 patients (93.3%) of the study subjects were randomized and 
received the study drug within 2 hours after the echocardiography. Mean time from 
randomization to the administration of the study drug was 55.9 minutes (SD: 48 min). Follow-
up echocardiography occurred at a median of 6 hours (IQR 1-3: 6-7) in the placebo group and 
at 7.5 hours (IQR 1-3: 5.75-12.5) in the levothyroxine group (p=0.3). The median time of 
administration was 30 hours (IQR 1-3: 15.8-45.8) for the placebo and 27.5 hours (IQR 1-3: 14.5-
35.5) for levothyroxine (p=0.9).  
 
All the included subjects received the appropriate bolus and infusion rate, and no protocol 
violation was observed. All the included subjects received corticosteroids according to the study 
protocol. In one subject, a pulmonary cancer was diagnosed before the organ procurement 
surgery and the donation process was aborted, which precluded the realization of the 
echocardiography at T6. This subject was included in the feasibility analysis but removed from 






The patient characteristics are reported in Table 1. The majority (n=9/15; 60%) of the included 
subjects died from a non-traumatic brain injury. The most common comorbidity prior to 
admission was hypertension (n=4/15; 26.7%). ICU physicians were specifically asked to 
indicate if, according to their clinical judgement, the donor had presented an autonomic storm 
during the period surrounding brain death. ICU physicians diagnosed an autonomic storm in 5/8 
(62.5%) subjects in the placebo group and in 1/6 (16.7%) in the levothyroxine group. Three 
patients in the placebo group received a beta blocker (esmolol for 2 subjects and labetalol for 1 
subject) for the treatment of an autonomic storm. No subject in the levothyroxine group was 
exposed to beta blockers in this context, but one received nitroprussiate. Vasopressin was used 
in all the placebo group subjects and in 5/6 of the levothyroxine group subjects. Every included 



















Table 1. Characteristics of the Study Sample 
 
All but two patients (one in each group) had a baseline LVEF of less than 50%. These 2 patients 
were considered hemodynamically unstable and included in the study, based on their 
 
176 
vasopressor dose. The median LVEF was similar between the placebo and the levothyroxine 
groups (36%; IQR 1-3: 30-46 vs 36%; IQR 1-3: 32.3-50.8 (p=1.0)).   
 
In the levothyroxine group, the median increase in LVEF was 11% (IQR: 0-32%) compared to 
2% (IQR: 0-12.5%) in the placebo group (p=0.28). Heart procurement was possible in 5/8 
(62.5%) subjects in the placebo group and in 3/6 (50%) subjects in the levothyroxine group. 
From these, 4/5 and 3/3 were successfully transplanted, respectively (Table 2).  
Median variation in the dose of vasopressor between T0 and T6 was 0 mcg/min (IQR: -5.3- 
12.5) and -2 mcg/min (IQR: -5.9-1.9) in the placebo group and the levothyroxine group 
respectively (p=0.5).  
 









One subject in the placebo group developed new onset atrial fibrillation while on the study drug. 
No atrial fibrillation episodes were recorded in the levothyroxine group.  
Mean heart rate before and after 6 hours of the study drug infusion did not change significantly 
in both groups. Organ procurement and transplant results are presented in Table 2. Six months 






This pilot study highlights the challenges inherent to the design of a single centre RCT in an 
organ donor population. First, although the expected number of donors admitted to our centre 
and the expected proportion of donors with LV dysfunction were correctly anticipated, the study 
was stopped prematurely because of slow recruitment. The first obstacle to recruitment was the 
initial need to obtain consent in the donor population. Confusion exists around the need for 
consent when a clinical study implies the administration of an intervention to organ donors with 
a potential impact on recipients.36 In Canada, no legislation encompasses this specific situation. 
In the US, neurologically deceased donors are not regulated by the law that aims at protecting 
Human being involved in research.24.25 However, research in donors need to take into account 
the potential risk for deteriorating organs meant for transplantation, hence precluding to respect 
donors and their families’ wish to give.25 In our study, the intervention was not considered an 
additional threat to organ donation since both the administration of levothyroxine and the non-
administration of levothyroxine are acceptable.16-18 Also, the only situation where the transplant 
recipient’s consent is clearly required is in the advent of data collection that extends beyond 
recipient’s routine evaluation, which was not the case here.37 The decision to waiver consent 
was obtained following a meeting between the Research and Ethics board and the investigators, 
at our centre. In Canada, ICU physicians perceive that they prescribe thyroid hormones to 30 to 
40% of donors and their decision to prescribe is largely influenced by ODOs and 
transplant teams.28 However, a recent survey of ODOs in the US observed that, despite a 
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possible neutral effect, thyroid hormones are used for all potential heart donors in more than 
70% of ODOs.18,38 Designing a multi-centre clinical trial of levothyroxine in organ donors 
should therefore include a thorough evaluation of the necessity to consent recipients of organs 
from donors recruited in the trial. The need for consenting recipients from donors included in a 
research trial depends on the possible risks of the intervention on the transplanted organs, and 
on the impact of the recipients consent on his possibility of transplant.24 The potential risk of 
not receiving the usual thyroid hormone intervention on any recipients’ outcomes and the need 
for recipients’ consent should be further explored.  
 
The second recruitment obstacle encountered in this study was the exclusion of eligible subjects 
upon physician’s decision, with the result open label levothyroxine use. In Canada, around one 
third of ICU physicians with experience in organ donor management, report prescribing thyroid 
hormones to all donors, regardless of their heart function.28 Although the administration of 
thyroid hormone, and principally of levothyroxine, to donors has not yet been clearly proven 
beneficial, large observational cohorts demonstrating impressive increase in organ procurement 
have probably influenced practices.11-13 The needs for education on the level of evidence 
supporting this intervention and the clinical equipoise are evident and probably a condition for 
a successful representation of the target population in a future trial. 
 
No protocol violation were observed in this study and the time from the first echocardiography 
to the administration of the study drug was less than one hour, despite limited resources and a 
24-hours per day and 7 days per week coverage.  
 
In our preliminary analysis, a possibly higher proportion of donors improved their LVEF in the 
levothyroxine group than in the placebo group. The hourly vasopressor dose also appeared to 
have been reduced to a greater extent at 6 hours in the levothyroxine group. According to our 
preliminary results, the administration of levothyroxine also appeared safe. However, the small 
sample size and the implicit insufficient power precludes from drawing any conclusion 








This pilot trial suggests that a definitive RCT comparing the efficacy of levothyroxine to placebo 
in potential organ donors would benefit from a multicenter recruitment. Restraining the study 
to potential donors with low LVEF, although mechanistically pertinent, limits the feasibility of 
the study. Education on the level of evidence surrounding the pharmacological management of 
organ donors should help to reduce the exclusion of eligible subjects based on individual 
convictions. The need for consent in a neurologically deceased population should also be 
clarified. Finally, the possibility to link donors’ to recipients’ outcomes, in the respect of 
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Chapter III: General Discussion 
 
Overall study conclusions 
Since the first successful organ transplant, tremendous efforts have been made by clinicians and 
by the OPOs community to improve the number and the quality of organs, with the hope that 
interventions at the donor level would translate in optimized transplant outcomes. However, 
research on clinical interventions to improve organ donor care is limited and relatively recent. 
The principal objective of this thesis was to describe the actual state of knowledge on 
interventions for the hemodynamic management of neurologically deceased organ donors, and 
to demonstrate that the efficacy of commonly used interventions is questionable. This thesis 
contributes to the preliminary repositioning of commonly used medication in the context of a 
better understanding of the pathophysiology of brain death in humans. It also emphasizes the 
need for rigorous RCTs in this field.  
 
In summary, the first article of this thesis (Article 1) systematically reviewed the worldwide 
endorsed recommendations for the care of organ donors. It outlined the variability in the focus 
and in the recommendations between guidelines, and it demonstrated their poor methodological 
quality. The second article (Article 2) surveyed the Canadian ICU physicians self-perceived 
hemodynamic management of organ donors. This article showed important variability in the 
clinical management of deceased donors in the country, particularly regarding the treatment and 
diagnosis of the autonomic storm, the prescription of hormone therapy and the administration 
of inotropes. The survey was conducted in a population of intensivists working in high volume 
centres and considered familiar with the 2006 Canadian guidelines. In this survey, we have also 
observed that some ICU interventions (corticosteroids and thyroid hormone) are largely 
influenced by other team members (ODOs and surgical teams). 
This work laid the groundwork for understanding the current knowledge gap between the 




In Article 3, we characterized the frequency of RV dysfunction in neurologically deceased 
donors, which had not been performed before. We observed RV dysfunction, either isolated or 
combined with LV dysfunction in 44.7% of potential heart donors. Isolated RV dysfunction was 
present in 22% of the included potential heart donors. A preliminary analysis also suggested 
that LV dysfunction is an independent predictor of RV dysfunction.  
 
Article 4 was the first Canadian pilot randomized controlled study evaluating a pharmacological 
intervention in a sample of organ donors. We randomized 24 consented organ donors to a 
levothyroxine infusion or placebo, and performed echocardiography at baseline and 6 hours 
after the onset of the study drug. We identified important barriers to intervention research in 
organ donation and informed future research on the need to clarify the need for consent to 
research and on the need for education on the level of evidence surrounding the pharmacological 
management of organ donors.  
 
The next sections will explore potential causes for our findings and summarize the implications 
of our observations. Measures to improve research in organ donation as well as future research 
priorities will also be identified and presented. 
  
Why is There Variability in Organ Donor Care Interventions? 
Variability in medical practices is not limited to the organ donor care field. In various settings, 
the gap between research, evidence-based interventions and practice appears to be common, 
even in the context where clinical practice guidelines are accepted and available.270-273 
Variability can occur at the physician, hospital or organizational level, and cannot always be 
explained by patients’ factors.270,271 On the opposite, differences in treatments are idiopathic and 
reflect more often clinician’s or institutional subjective preferences rather than patient’s 
objective needs.270 Adapted from the Australian National Institute of Clinical Studies (NICS), 
we propose 6 levels of barriers to best practice and to variability in clinical management: 
guidelines themselves; professional’s knowledge, awareness and motivation; professional social 




The Guidelines Themselves 
Guidelines are intended to guide clinical decisions in order to improve quality of care and 
patients outcomes.274  However, for clinicians to use guidelines appropriately, they need to 
believe in their usefulness and appropriateness.270,274 Guideline development should therefore 
follow a rigorous methodology that includes process planning, question generation, systematic 
literature search, study risk of bias assessments, summarizing the certainty of the totality of 
evidence for each question, and peer reviewing.275 None of the included guidelines in our 
systematic review respected these steps. As a consequence, guidelines were developed by 
heterogeneous teams of various experience that focused on different themes. Recommendations 
appeared to be largely influenced by expert opinions rather than by the result of a systematic 
literature search and a grading of the evidence level. Neither the country nor the year of 
publication had an impact on the methodological quality of the guidelines.  
A recent epidemiological review of guidelines on various medical topics noted that the 
proportion of guidelines with expert opinions in their recommendations has increased from 2010 
to 2016, despite the use of systematic reviews to select the evidence.276 The rationales for using 
expert opinions are many, and include the lack of evidence, the low quality of available evidence 
including case reports and case series, the evidence in development, and physiological 
inferences, bench research or clinical experience.276 Also, expert opinions often result from the 
extrapolation of evidence from studies that do not answer directly the guidelines’ questions 
(indirect evidence).276 Randomized controlled trials assessing interventions on organ donor care 
are few and observational studies carry their intrinsic biases, including residual confounding 
and information and selection biases. Guidelines recommendations therefore rely mostly on 
large effect sized observational studies and animal models that have had historical impacts, and 
possible largely contributed to the shaping of expert opinions.72,80,156  
Our results are consistent with other systematic reviews of international guidelines that have 
observed variability in clinical recommendations, heavy reliance on expert opinions, and poor 
methodological quality.277-279 These reviews have also concluded that variability between 
guidelines is more important when the literature supporting the recommendations is of lower 
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quality.278,279 Despite the evidence that compliance to guidelines can improve clinical outcomes, 
barriers to their implementation can limit their applicability and contribute to variability in 
practices.270 
 
The professional’s knowledge, awareness and motivation to change practice 
In our survey, ICU physicians identified the 2006 Canadian guideline as a reliable source of 
guidance when caring for organ donors. However, based on their answers, their self-perceived 
practice differs from guideline’s recommendations, and this probably contributes to donor 
management variability. This gap between self-perceived guidelines adherence and practice 
may not be exclusive to organ donor management, as similar observations have been described 
in the context of end-of-life support in the ICU. A questionnaire, sent to 118 ICU physicians in 
11 ICUs, aimed at evaluating the correlation between physicians’ education on end-of-life 
support in the ICU and their clinical decisions when treating a patient with a DNR order. This 
study revealed an important discordancy between self-perceived compliance to recommended 
management and actual management. Younger physician age, recent attendance to a class, 
interest in the topic, and literature knowledge were predictors of appropriate clinical compliance 
to DNR order recommendations.280 Reasons for gaps between self-perceived adherence to 
recommendations and actual practices were also assessed in the context of blood 
transfusion prescription.270 In this context, the self-perception that the clinician’s own practice 
was already in compliance with the guidelines before their publication, and the idea that 
guidelines were only meant to reinforce the clinician’s own prescribing habits were identified 
as principal reasons for the gap between self-perceived and actual practices.270 The feeling that 
the guidelines were not applicable to one’s own specific situations and practices was also 
common.270 In summary, the knowledge of the existence of a guideline may differ from the 
knowledge of the guideline’s specific content and from the adherence to its recommendations.270  
Since the publication of the 2006 Canadian guideline on organ donor management, few but still 
important RCTs and systematic reviews on the hemodynamic management of organ donors have 
become available.148,162,166,186 Physicians’ actual level of knowledge on organ donor 
management interventions and on the evidence level supporting these interventions has not been 
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studied. We can only postulate that variability in self-reported practices may, at least in part, 
result from unequal knowledge-updating between respondents. Attitude and knowledge of 
healthcare professionals on other steps (ex. organ donor identification, brain death diagnosis, 
family approach) of organ donor care has been evaluated, and these studies seem to corroborate 
this hypothesis. The attitude and knowledge on organ donation and transplant processes were 
assessed in 179 physicians and 103 nurses in Hungary.281 This survey not only revealed that 
around 40% of the participants had not participated in any educational course on organ donation 
in the past, but also that from these, more than half were not willing to participate in the future, 
thus creating inequalities in knowledge uptade.281 Older respondents, those working in capital 
city centres or those with less clinical exposure to organ donor management were more negative 
about participation to educational activities.281 The need for educational programs on organ 
donor care in Canada was assessed in a survey of  healthcare professionals.282 However, only 
15.3% of the 5424 potential respondents answered the questionnaire.282 These respondents, 
probably very different from non-respondents, identified clinical competency in organ donation 
as a very important topic.282 Nevertheless, only 50% of participants rated a high or very high 
level of comfort across all competency domains. ICU physicians indicated a high or very high 
level of confidence in their competency when managing a potential neurologically deceased 
donor until transfer to organ procurement centre in 67%. When asked about their level of 
confidence when managing a potential brain death donor until organ procurement surgery, this 
number raised to 83%, but only 23.7% of them felt confident in identifying organ 
transplant outcomes.282  
Self-confidence in knowledge or competency does not always translate in actual evidence-based 
knowledge or competency, and we believe that self-confidence influences the motivation to 
change usual practices and the interest in research.283,284 Our pilot trial has identified physicians’ 
beliefs has a potential barrier to implementation of a RCT in organ donation and we hypothesize 
that a in some circumstances, overconfidence has the potential to threaten the updating of 
outdated practices and the interest in research.284  
Motivation and interest in the organ donation topic could also influence individual and 
institutional practices and result in variability in practice. We obtained an answer rate of 41% 
in our survey, and the answer rate was lower in some provinces (Alberta) than in others (Quebec, 
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Ontario). Survey respondents are different from non-respondents, often in their motivation and 
interest, but also sometimes in their competencies and knowledge.285,286 Variability in individual 
practices in the country is thus expected to be even more important than what we observed.  The 
province of investigators’ origin (Quebec and Ontario) of the survey could potentially have 
positively influenced the survey response rate in these two provinces. However, medical ICU 
directors were contacted directly to ensure participation and the survey was pre-tested by 
representatives of both western and eastern provinces. Variability in response rate between 
provinces could extend beyond the investigators leadership and suggest variable institutional 
cultures translating in individual’s motivation and variability in self-reported practices.   
   
 
The professional social context and the culture of the network 
Successful organ donation necessitates efforts and collaborative actions from physicians, allied 
healthcare professionals, organ procurement organizations, and transplant surgeons.4 Improving 
the quality and availability of organs in often very unstable patients, and in a timely fashion that 
respects operating room availability delays can become very challenging.4,287 The amount of 
energy, time and effort that a team will invest taking care of a donor is probably proportional to 
the network’s level of commitment to donation.222,287 We therefore postulate that local mores, 
educational activities and peer emulation are influenced by the organisation’s facilitators, the 
team’s culture and individual beliefs on brain death and organ donation itself.  
Literature on the management of organ donors mostly relies on observational trials. In these, 
although the effect of the studied interventions, including hormone therapy, corticosteroids or 
hemodynamic measurements, was questionable, a tendency towards an improvement in organ 
availability was consistently demonstrated after the involvement of a dedicated organ donation 
team.156,157,288 For example, hormone therapy has since then been largely incorporated in routine 
donor management, despite possibly neutral effect on organ donation outcomes.162,166,186 
However, prescription of thyroid hormones and steroids by Canadian intensive care physicians 
appeared to be largely influenced by other team members for around half of the respondents, 
depicting potential variable peer pressure. Legal concerns, peer pressure and societal opinion 
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have been identified as barriers to follow one’s beliefs regarding what would be the best 
treatment for the patient.280 Hence, stronger peer pressure could influence practice in specific 
centres or some individuals be more sensitive to peer pressure, both creating variability in donor 
management.  
Finally, individual physicians’ cultural and religious influences impact on pharmacological 
management of organ donors has not been directly studied. We can only postulate that 
physicians that have some personal barriers to organ donation itself could limit their 
involvement in organ donor care, and hence have different practice than their colleagues. 
However, we might extrapolate that religion and culture may be a barrier to self-education, 
personal interest and professional involvement on clinical management of organ donors from 
surveys on organ and tissue donation as a broad topic.289    
The organisational context 
In Canada, no less than 9 ODOs are involved in organ donor care. Educational programs 
provided by these ODOs vary across the country in their content, their pedagogical approaches, 
their self-assessment and their financial resources.282 Similarly to ODOs, university programs 
and classes as well as residency training educational activities on organ donation vary across 
the country.282 The impact of educational programs on organ donation has mainly been studied 
with undergraduate medical students or nurses. Using a pretest-post-test design, these studies 
have demonstrated that a formal training on organ donation influences attitudes towards 
donation, including the participant’s own will to give his organs, communication with families, 
and knowledge about donor eligibility and brain death criteria.290,291 Since education has a direct 
impact on attitudes, competencies and knowledge on organ donation, variability in educational 
programs offered by academic institutions and organ donation organizations carries a high 
potential to result in bedside clinical variability.290,292  
In Canada, ODOs are involved in organ donor logistic management, educational programs and 
variably, in direct donor clinical care.217,218 The influence of an organization such as ODOs on 
individual physicians’ practices depend on both intrinsic factors such as motivation and personal 
responsibility, and extrinsic factors such as time, structure, leadership, communication and 
reward system.293 In our survey, ODOs were identified as a highly reliable source of guidance 
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for physicians in their management of organ donors. We can therefore assume that ODOs are 
directly involved in organ donor clinical management, directly or indirectly via standardized 
protocols. However, the use of a local protocol and consultation of ICU pharmacists were 
reported by respondents more erratically. Our survey was not meant to investigate the organ 
donation ICU structure in the country.  Based on these preliminary data, we however postulate 
that differences exist in the organisational structure of organ donation management and in the 
precise role that ODOs play in the ICUs across the country, thus contributing to clinical 
variability.  
The research context 
Factors that have been mostly associated with an evidence-based practice include the clinicians’ 
academic qualification, their own involvement in research and the practitioners’ perceptions, 
attitude and beliefs about research.294 In our pilot study, we have suggested that the intensive 
care physicians attitudes and beliefs about individual pharmacological interventions are 
potential barriers to research in organ donation. Fields in which the quality and quantity of 
literature are generally poor may be more prone to a low level of evidence-based 
practice uptake.295 Since the majority of pharmacological interventions used routinely in organ 
donor care are based on low methodological quality studies, we can both expect variability in 
practices due to subjective interpretation of the evidence and increase in the importance 
attributed to opinion.296  However, the context of research in organ donation is particular for the 
importance attributed to historical literature in the field. Therefore, organ donation management 
may be particularly at risk for reticence to modify practices based on new literature. Medical 
beliefs have been identified as an important factor affecting the use of evidence-based medicine 
in other fields. In these researches, the influence of peers, particularly of senior physicians, also 
appeared to modify individual decisions and attitude towards evidence based-medicine.295,297  
Is the theory still holding? 
As we have previously outlined, the actual management of organ donors is impregnated by 
animal models in which a predictable autonomic storm, a fall in anterior and posterior pituitary 
gland hormones and left ventricular damages were observed.72,74-77,80,298 The evolution of brain 
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ischemia leading to brain death in a clinical context is undoubtedly different than in animal 
models, where a severe and abrupt rise in ICP or a complete absence of flow produces a 
predictable death in 20 minutes.72 In neurologically deceased humans, causal brain injuries are 
variable, autonomic storms probably present itself heterogeneously, anterior pituitary gland 
hormones remain within normal ranges and left ventricular dysfunction is present in a little less 
than half of donors.32,86,124 Bearing that in mind, we suggest that the actual pharmacotherapy 
based on these physiological concepts be re-questioned. The results of our pilot RCT on the use 
of levothyroxine in organ donors suggest that a definitive multicenter trial is warranted to 
enlighten the actual understanding of donor management and to evaluate the efficacy and safety 
of thyroid hormones. We believe that if proven non-efficacious, older treatments should be 
abandoned and research should turn itself to the discovery of novel therapies that can fulfill 
pertinent clinical outcomes.  
 
Routine pharmacological interventions for the hemodynamic management of donors 
Pharmacological interventions to improve organ donor care have not substantially changed since 
the first attempts at increasing donor conversion in 1995.59,156 Hemodynamic pharmacological 
treatments are meant to support the autonomic storm-induced left heart dysfunction, to prevent 
end-organ damage, and to replete hormone stocks following brain death.59,73,157 In patients 
featuring hypertension and tachycardia, corresponding to an autonomic storm, the proposed 
pathophysiology of a catecholamine surge supports the rationale for the use of beta blockers. 
Surprisingly, although the complete theory of brain death induced end-organ damage relies on 
the existence of the storm, no clear diagnosis exists and none of the proposed interventions for 
its treatment or prevention has been studied. Treatment of the autonomic storm sometimes 
includes the prescription of short-acting beta blockers, but only one small retrospective study 
supports their use.58 Similarly, none of the pharmacological agents used for the management of 
hemodynamic instability has been rigorously studied. For example, in the occurrence of 
hypotension, vasopressin is recommended as a first-line therapy by several guidelines and is 
largely used in the country, but no study exists evaluating its efficacy.152,299,300 Although in this 
case, the rationale strength for its use appears sufficient, the need for a proper scientific 
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assessment of vasopressin is still present.211-213 Thyroid hormones and corticosteroids are almost 
universally prescribed despite systematic reviews suggesting the futility of these 
treatments.162,186 However, each of these systematic reviews emphasizes on the low 
methodological quality of the evidence and on the need for definitive trials. Although the 
proposed pathophysiological mechanism of anterior pituitary hormone depletion may not be 
proven accurate, levothyroxine could act directly on cardiomyocytes through specific receptors 
and result in an inotropic action, independently of endogenous thyroid hormone levels.183-185 
However, in the case of thyroid hormones, the theory needs to be explored again from the 
beginning. Corticosteroids certainly carry anti-inflammatory effects, but the pathophysiology of 
the cytokine storm following brain death has been detailed only recently.109,110 Although this 
reaction still needs to be characterized more precisely and its predictors be identified, the 
historical rationale for the use of corticosteroids still make theoretical sense and their efficacy 
warrants further assessment. Based on this anti-inflammatory mechanism, corticosteroids have 
been mostly studied and used at high dose.162 However, our survey respondents also identified 
the use of low-dose corticosteroids for the hemodynamic management of donors,  a practice that 
we believe mostly extrapolated from general ICU trials, although explored in a non-randomized 
study.171,301 This new modality of treatment in organ donors also needs to be specifically 
assessed, as well as the underlying mechanism of relative adrenal insufficiency in the context 
of neurological death. 
Other routine pharmacological agents for the management of hemodynamic instability of organ 
donors include adrenergic vasopressors, inotropes, diuretics, and insulin. None of these 
routinely administered agents has been formally studied. The strength of theoretical rationale 
for their use or contraindication is variable, but even in the context of a plausible benefit or 
harm, these interventions should be properly evaluated scientifically. 
 
Right ventricular dysfunction in brain dead organ donors 
The results of our observational study suggest that right heart dysfunction may be at least as 
frequent as left heart dysfunction after brain death and that it warrants further investigation. New 
interventions targeting RV dysfunction in featuring donors or preventing RV dysfunction in 
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donors at risk could lead to improvement in organs and recipients’ outcomes. The 
pathophysiology of RV dysfunction may share some common mechanisms and consequences 
with left ventricular dysfunction. We have indeed shown that LV dysfunction is associated with 
RV dysfunction. However, in our study, 22% of potential heart donors featured isolated RV 
dysfunction, also suggesting specific causes and pathophysiological features unique to the right 
heart after brain death.  
Right ventricular dysfunction in donors may directly impact recipients’ outcomes. Up to 50% 
of heart recipients feature RV dysfunction after transplant, and this results in increased 
premature mortality.302 However, the relationship between RV dysfunction in donors and 
recipients outcome has not been studied yet. As a surrogate, animal models suggest that 
neurological death is not only responsible for left heart dysfunction, but also for right heart 
dysfunction, both correlating with recipients worse outcome.136 It was postulated that an 
increase in pulmonary pre-capillary vascular resistance caused by a surge in catecholamines and 
inflammation markers could explain brain death induced right heart dysfunction.137,303,304 In a 
porcine model of RV dysfunction after brain death, increased levels of IL-6, IL-10, IL-1b, TNF-
a and of adhesion molecules were observed, and partly prevented by the administration of 
methylprednisolone.137 Right ventricular apoptosis was also confirmed.137 However, if this may 
be true, isolated right heart dysfunction is not explained entirely. Following neurological death, 
donors can present with various pulmonary pathologies including pneumonia, ARDS, 
atelectasis or neurogenic pulmonary edema (also called brain death induced lung injury).305,306 
Consequently and common to all these pathological entities, pulmonary vasoconstriction could 
increase right ventricular pressures, leading to right heart failure. However, in the context of 
neurological death, the pathophysiology linking heart dysfunction, lung injury and neurological 
death is still debated and the mechanisms leading to brain-death induced lung injury are not yet 
completely elucidated. Similarly to what has been described in brain death induced heart 
dysfunction, it has been proposed that the autonomic storm, resulting from a surge of 
catecholamines, directly affects the pulmonary vascular bed causing vasoconstriction or 
endothelial disruption with ensuing edema.307,308 To verify this hypothesis pulmonary and 
systemic pressures were measured in another porcine model of brain death.306 This study 
revealed increased pulmonary venous resistance that persisted until late phase after brain death 
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and that correlated with oxygenation impairment and increase in inflammation markers, despite 
normal cardiac output and pulmonary artery wedge pressure.306 The authors of the model 
propose that their findings could be explained by pulmonary venous adrenergic hypersensitivity, 
a phenomenon similarly observed in severe mountain sickness.306 
Pharmacological strategies aiming at reducing pulmonary pre-capillary pressures in potential 
donors with neurogenic pulmonary edema have not directly been evaluated. Case reports of 
nitric oxide administration in these patients have only reported improved oxygenation 
parameters.309,310 Other vasodilating pharmacological strategies such as prostacyclin or 
phosphodiesterase inhibitors have not yet been proposed. 
 
If organ donation is improving anyway, is research still needed? 
The number of deceased organ donors in Canada has increased over the last five years, from 
486 donors in 2013 to 601 donors in 2017. 311 Since 2008, Canada has sustainably improved his 
organ donation successes, with a 51% increase in donation. With an average of three organs 
transplanted per donor, the country is one of the most efficient in the world, along with Australia, 
Spain, United States and United Kingdom.311 Despite this improvement and similarly to the rest 
of the world, Canada still experiences organ shortage. Over 4000 patients are presently waiting 
for an organ, and 242 of them will not survive the wait.311 In this context, a national survey 
conducted by the Canadian National Transplant Research Program (CNTRP) enquired patients, 
families, caregivers and researchers about research priorities in organ donation. Increasing the 
number of available organs for transplant was still identified as the number one priority.312 A 
systematic approach to the management of hemodynamic instability in neurologically deceased 
donors could translate into the improvement of organs quality and numbers.3,4,313 However, the 
improvement in performance has mostly been attributed to the implementation of donation after 
circulatory death, creating  false comfort towards the success of organ donation after 
brain death.314 Until today, only few interventions have been properly evaluated in the context 
of organ donation after brain death.243,315 Although some suggest that guidelines adherence and 
bedside checklists for interventions are wishful, the paucity and the poor methodological quality 
of the studies evaluating the routinely used interventions are limiting the use of evidence-based 
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and goal directed therapies.4,316 Outcomes are influenced by every step of the donation path, 
from potential donor identification, to brain death diagnosis, organ donor hemodynamic 
management and organ transplant surgeries.4 We therefore believe that research should aim at 
evaluating interventions susceptible of improving transplant outcomes at each of these limiting 
processes.  
  
How can we improve research in organ donor care? 
The necessity of conducting high-quality research in organ donation is 
unequivocal.219,312 Improving the quality and quantity of organ donors’ organs is one way of 
achieving a reduction in the gap between organ demand and offer. Because of its unique 
circumstances involving grieving families and precarious patients on the waiting list, clinical 
research in organ donation bears its load of significant challenges. This thesis enabled to identify 
some barriers to research including the uncertainties around the need for consent to research, 
the self-confidence in the actual pharmacological treatment and the relative rarity of donors, 
especially of potential heart donors. We here propose what we believe to be milestones on the 
road to multicenter RCTs in the organ donation field. 
Knowledge translation 
The success of a RCT relies in part on the buy-in from clinicians working in the studied field.317 
Therefore, relationships between investigators and clinicians should be developed before a study 
begins in order to engage clinicians and meet their needs.317 To maximize participation to 
research, reduce selection bias and optimize efficient communication to research patients, 
clinicians have to be convinced that improved outcomes are needed, that research does not carry 
unbounded risks and that clinical equipoise concerning the studied intervention exists. These 
objectives can be met through knowledge translation educational activities targeting the auditory 
of clinicians. Key steps to efficient knowledge translation include up-to-date systematic reviews 
of research findings and the identification of a credible messenger for the transfer of research 
results to the target auditory.318 Then successive stages of transfer include the four following 
steps: exposure, adoption, implementation, and practice.319 This framework was developed for 
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knowledge transfer in the substance abuse field.319 We here propose an adaptation and an 
illustration of this transfer framework to our study of levothyroxine in potential hear donors.  
First, at the exposure (training) stage, we offered lectures on the literature background, the 
pharmacological mechanism rationale and the knowledge gaps concerning the studied 
intervention.319 The systematic review of the evidence on the efficacy of levothyroxine was 
presented along with the evaluation of the quality of the evidence.186 Pharmacological rationale 
for the use of levothyroxine in organ donors was detailed and the investigators emphasized on 
the knowledge gap concerning its efficacy and safety.186,198,199 Clinicians were offered to 
comment on the proposed study and ask questions during a presentation session. Other proposed 
strategies to engage clinicians in research design at the exposure stage include offering 
documents for self-study, and planning workshops and discussions about clinical scenarios.319 
Also, at this step, investigators should make efforts to simplify the protocol and reduce 
clinicians’ burden.317 The next knowledge transfer stage, adoption, represents the intention to 
take action into change.319 Although a formal decision to take part into the research project is 
made by the organization, individual clinicians should also engage in the idea of change.319 
Project champions at the institution level can help investigators build bridges with clinicians 
and facilitate individual commitment.317 In our study context, clinicians decided as a group to 
take part in the study, and the study protocol was presented to the institution board and ethics 
committee for final approval. However, adoption at the individual level means that individual 
clinicians needed to recognize that clinical equipoise on the efficacy of levothyroxine existed 
and that research was needed to properly assess the intervention. At this stage, personal beliefs 
on the efficacy of a specific intervention need to be put aside and clinicians should commit to 
the unbiased screening of potential donors and to the respect of the study protocol.319 We believe 
that individual adoption of knowledge transfer probably warrants further assessment and will 
be discussed in the following section on the readiness for change. The third stage of knowledge 
transfer is the implementation phase defined as a period where clinicians have the opportunity 
of trying the intervention, and of assessing the feasibility of the research project.319 In a research 
context, we believe that this stage directly corresponds to the pilot trial phase of the research 
program. Our pilot trial permitted to evaluate the feasibility of a definitive trial, allowed 
clinicians to test the research protocol in a real clinical context and highlighted potential barriers 
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to success. Finally, the fourth stage of knowledge transfer process is the practice stage and it 
corresponds to the incorporation of a novel action into practice along with continuous 
reassessment and regular iteration as needed.319 Informed by the pilot study results, investigators 
design the definitive trial with the final objective of informing the future practice and the study 
results trigger a new knowledge transfer process.  
 
Prior to the delivery of knowledge translation, we suggest that the readiness for change be 
studied in the context of organ donation research and assessed at the individual and institutional 
levels. 320 Readiness for change, described at the organizational level, is defined as “a 
comprehensive attitude influenced simultaneously by the nature of the change, the change 
process, the organization’s context and the attributes of individuals.”320 Validated instruments 
are needed to measure this latent construct. However, the available instruments have limited 
reliability and validity, and few are adapted to the healthcare or the research contexts.320 
Readiness for change has not been studied in the context of organ donation and validation of the 
existing instruments should be performed prior to their utilization. Amid the available 
instruments, the EBP (evidence-based practices) Beliefs Scale is a 16-item instrument that 
permits to evaluate individual’s beliefs about the value of evidence-based practices and the 
ability to implement it.321 This scale was validated in a sample of 394 nurses and incorporates 
constructs of self-reassessment, self-liberation and environmental re-evaluation.321  
An instrument was developed to measure the readiness for change in the context of technology 
transfer of evidence-based practices from research to practice, in the alcohol addiction field. The 
original version of the Organizational Readiness for Change (ORC) instrument included 130 
items divided into 6 domains (motivation for change, resources, staff attributes, organizational 
climate, training exposure and utilization) and was primarily meant to assess organizational 
readiness for change.322 A simplified version of the instrument (MORC), adapted to the 
emergency and primary care settings, also exists.323 This version containing 45 items grouped 
into 8 domains (need for external guidance, pressure to change, organizational readiness to 
change, individual readiness to change, workgroup functioning, work environment, autonomy 
support, and clinical field focus) was validated in 184 physicians working with patients suffering 
from alcohol abuse health problems and it demonstrates sufficient reliability.323 However, the 
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answer rate was of 45.6% and as discussed previously, respondents generally have different 
beliefs, demographic profiles, and practices than non-respondents.323 The readiness for change 
latent variable is probably very sensitive to the voluntariness characteristic of respondents. Also, 
the validation process of the instrument was limited to preliminary analysis. This instrument 
would need to be validated in the organ donation field before it can be applied and utilized for 
the measurement of readiness for change, but it provides interesting ground for the development 
of a framework .323 
Consent model 
In our pilot trial, we successfully used a waiver of consent to research in neurologically deceased 
donors. This was possible for two principal reasons. First, the Institutional Review Board and 
Research Committee accepted the idea that brain-dead organ donors cannot be considered as 
human research subjects and therefore, released the need to consenting donors’ families. 
Second, levothyroxine was already part of routine care, but as demonstrated by our survey 
results, clinical equipoise existed concerning its use. Therefore, neither the placebo nor 
levothyroxine was expected to carry more risk on donors or recipients’ outcomes than the 
standard of care. Research on interventions in the context of organ donation is especially 
challenging since the intervention has the potential to influence not only the donor, but also 
every recipient of the organs. For this reason, every study has to be examined thoroughly and 
consent models may vary depending on the studied intervention. We believe that the success of 
future interventional research in the country first relies on the capacity for national stakeholders 
in organ donation to define clear rules for consent to research in the field. We also propose a 
centralized research system in the country along with a single Institutional Review Board at the 
national level specific to organ donation research.324Although the development of a consent 
model to research in organ donation is beyond the scope of this thesis, we propose thoughts to 
nurture future discussions, based on our research experience.  
 
Donors 
For obvious reasons, studied interventions cannot induce any harm to the deceased donor. 
However, research interventions carry the risk of altering the quality of the organs thus 
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impairing the donor’s and its family’s wish to give. Therefore, we believe that donors’ families 
should be informed of research interventions that could impact their possibility to give. 
Investigators may also be interested in collecting data pertaining to the donors. The need for 
consent for the utilization of anonymized donor’s data is unclear. In our experience, a waiver of 
consent was allowed to use descriptive data and families were informed of the research project. 
We propose the implementation of a national research registry that would help investigators to 
access important donors data and to inform families of research projects on organ donation.40 
 
Recipients 
Consenting recipients of organs from a donor recruited in interventional research is far more 
complex and it involves several key institutional players. For example, in 2017, five organs 
recovered in Canada were sent to the United States for transplant. Also, 313 organs were 
transplanted to a recipient living in another province than the donor.311 When an intervention is 
applied to a donor, both the recipients from the target organs and from the non-target organs 
may be impacted. This reality may represent a major barrier to research in organ donation and 
carry significant risk for patients on the waiting list. Transplant candidates need to be able to 
provide research informed consent rapidly since the viability of organs could soon be 
compromised. Also, transplant candidates that decline organs exposed to research intervention 
should be offered alternatives, but given the rarity of donors, organs unexposed to research 
interventions may not be available.  
The clinical consent to receive an organ from a donor included in research should involve a 
multi-step process. The National Academies of Sciences, Engineering, and Medicine proposes 
a 2-step process of disclosing information to potential recipients. First, they should be informed 
of the possibility of being offered an organ exposed to research interventions as soon as they are 
taken upon the transplant waiting list.325 Information should include the levels of risks 
associated with these organs and the risk incurred when declining a research organ.325 The 
recipient should be offered the possibility to decline all research organs at this stage.325 Second, 
candidates that have not a priori declined research organs should be informed upon the 
availability of an organ, on research-specific information.325 At this point, the recipient gives 
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his consent to receiving an organ from a donor included in a study or declines the organ and 
remains on the waiting list. 237 However, investigators need to realize that the decision to 
participate in research may be influenced by the anticipated time on the waiting list upon the 
refusal to receive a research organ, and alternatives should be presented clearly to the potential 
recipient.237  
 
Strengths of the studies presented in this thesis 
Research protocol 
This thesis contributed to the mapping of the actual practices for the hemodynamic 
management of organ donors and to the understanding of the pathophysiology of brain death in 
humans. It also allowed to guide the design of future interventional RCTs in the field and to 
identify barriers to their success. The research presented in this thesis was the first to describe 
right ventricular failure in potential heart donors and included the first pilot RCT in a sample of 
organ donors in Quebec. The interest of this thesis also resides in the inclusion of four different 
methodological designs creating a longitudinal effect. We drew a portrait of worldwide 
recommendations for the management of neurologically deceased donors, assessed Canadian 
intensive care physicians’ perceptions of their own practice, described right heart dysfunction 
in potential heart donors and piloted a RCT to evaluate one of the historical pharmacological 
therapies to used prevent heart function impairment.  
Our systematic review was conducted with rigorous methodology by a group of Canadian 
clinicians, methodologists and researchers on organ donor care. The review covers the 
recommendations of 26 countries and draws the portrait of the actual interventions endorsed by 
governments, organ donor organizations or scientific medical societies in the word. We 
evaluated the methodological quality of the included guidelines with the validated AGREE-II 
instrument and measured the inter-rater reliability of the instrument. Our review informed the 
newly submitted for publication Canadian guideline on the management of neurologically 
deceased donors. Our systematic review was presented at the methodological meeting for the 




Intensive care physicians self-perceived practices were assessed using a self-administered 
questionnaire designed according to the recognized methodology for surveys in critical care.326 
The questionnaire and the manuscript were endorsed by the Canadian Critical Care Trials group. 
The list of potential respondents was put together manually by contacting ICU medical directors 
in every centre identified by provincial ODOs. All attending physicians were identified by the 
ICU medical director and valid email addresses were provided. We thus ensured to include every 
potential respondent of the target population in the survey distribution and limit the coverage 
bias.  
Our third article describes for the first time the epidemiology of right heart dysfunction in a 
sample of potential heart donors. We included 123 potential heart donors in the study and we 
were able to compare donors with or without RV dysfunction. Since potential heart donors are 
rare, this constitutes a significant sample of donors, representative of the overall population of 
potential heart donors. We were able to conduct preliminary analysis of variables potentially 
associated with RV dysfunction and, despite limited data, were able to propose working tracks 
for future research.  
Finally, our pilot RCT was conducted according the CONSORT methodology.263,327 We were 
able to randomize donors to levothyroxine or a comparable placebo in one centre in Montréal. 
Subjects were enrolled within time boundaries and we did not face any protocol violation. This 
project was innovative by its use of a waiver of consent and permitted to identify barriers to 




Article 1 Publication bias  
Our systematic review aimed at selecting every clinical practice guideline on the management 
of neurologically deceased donors in the world. To achieve this goal, we designed a systematic 
search strategy that we applied to ten databases. We also applied a search strategy in nine 
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languages to grey literature motor searches and directly contacted by email organ donation 
organizations in every country listed on the International Registry on Organ Donation and 
Transplant (IRODaT) website.1 The majority of guidelines included in the review were not 
published. This suggests that despite all efforts, we cannot exclude the existence of other 
guidelines than the ones selected in our review. Practices of some countries might not be 
represented in our work, especially in underrepresented geographical area such as Asia or 
Africa. However, we were able to describe the recommendations of 26 countries in the world, 
this being the largest review conducted so far in this field. 
Article 2 Survey biases 
Non-response 
In our survey, we identified 448 potential respondents that corresponded to our target population 
of intensive care physicians working in an organ donation high volume centre in Canada. From 
them, 184 (41.1%) participated to the questionnaire by answering at least one survey question. 
Non-respondents usually differ from respondents in their interest for the survey topic, their 
working environment or their practice.285,286,328 Non-response will not affect the validity of the 
survey results, but will reduce its external validity.285 In general, non-response bias can also 
affect the estimates precision, but since our survey used the whole target population, this does 
not apply.286 In our situation, our survey describes the self-perceived practice of intensive care 
physicians working in a high-volume centre, mostly in the eastern provinces of Canada and who 
probably have a marked interest for research and/or organ donation. Despite the difficulty to 
extrapolate our results to all our target population, our survey met his objective of describing 
variability of practices in the country. 
Partial respondents 
A total of 165 participants completed the questionnaire (36.8%), leaving 19 partial respondents. 
In surveys, missing items (complete absence of response or partial responses) are rarely missing 
at random.286 Survey partial respondents (defined as respondents who stopped answering the 
questionnaire after a certain item) are known for being different from respondents.285 All the 19 
partial respondents of our survey stopped answering the questionnaire after the fourth item. This 
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phenomenon is called panel mortality, and it is defined as a situation where potential participants 
who accepted to participate in the survey abandon at the beginning of the questionnaire.286 This 
kind of missing data is described as non-missing at random missing data since non-response is 
usually related to the survey topic.286 We can postulate the hypothesis that partial respondents 
had less interest in organ donation (or in research) than complete respondents, but we cannot 
exclude that the panel mortality is caused by a time constraint (missing at random). Partial 
respondents do not compromise the internal validity of the questionnaire but reduce its external 
validity.286 In order to reduce the risk of non-response bias or of missing items in the 
questionnaire we pre-tested the items according to recognized methodology and we explained 
the project to every potential respondent in a personalized invitation to participate.326 Finally 
our response rate is similar to recent published surveys of critical care physicians. 
 Coverage 
In surveys, the coverage bias is present when potential respondents are either non-identified, or 
non-reached.328 In both situations, the participant does not have the possibility to participate to 
the survey, independently of his willingness to participate. We limited the coverage bias by 
selecting manually the list of potential respondents, specific to the project. Then we used email 
addresses provided by ICU medical directors to reach individual respondents. However, we 
cannot exclude that some potential respondents were not reached, due to a change in email 
addresses, error in the provided address or any technological issue. Limited coverage does not 
affect the internal validity of our results if questionnaires are missing at random.328 However, in 
our survey, we cannot exclude that non-random factors such as geographical area affected the 
coverage of the questionnaire.  
Article 3 Retrospective design 
We retrospectively included potential heart donors and reported the frequency of right heart 
dysfunction in the sample. Subjects that were diagnosed with neurological death at our centre, 
but were transferred to another facility for organ recovery surgery before the first cardiac 
echography was performed were excluded from the study. Therefore, we were not able to 
estimate an incidence for right heart dysfunction, as per epidemiologic definition, in a cohort of 
potential heart donors. The frequency of right heart dysfunction in the potential heart donor 
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population could differ from what we have observed. However, subjects that were transferred 
to another facility did not significantly differ in their characteristic from the included subjects. 
Amid the studied variables, we have identified left heart dysfunction as the only factor 
independently associated with right heart dysfunction. However, right ventricular pressure, 
especially in presence of pulmonary vasoconstriction induced by oxygenation impairment, is 
strongly affected by PEEP.329 PEEP permits alveolar recruitment and ensuing pulmonary 
capillary vasodilation, which improves ventilation-perfusion matching, and reduced right atrial 
pressure.52,329 Its measurement necessitates invasive monitoring, which is not always indicated 
as part of routine donor care. Insertion of a pulmonary artery wedge pressure catheter is a highly 
variable practice that may depend on donor’s presentation, and on physicians preferred 
practices. Also, the evaluation of left heart diastolic dysfunction was not possible in every 
included subject. Because of the quantity of missing data, we were not able to include diastolic 
function in the multivariate regression model that aimed at exploring variables associated with 
right heart dysfunction. Although every echocardiogram was reviewed by an independent 
cardiologist, we were not able to obtain diastolic function measurements for every included 
subject. Characterization of the exact pathophysiological cause of right ventricular dysfunction 
necessitates invasive monitoring and we were limited by the retrospective design of the study.  
Article 4 Small sample and pilot issues 
Our pilot trial was stopped prematurely due to slow recruitment. We therefore could not 
conclude definitely on the feasibility of a larger and definitive RCT comparing the efficacy of 
levothyroxine to placebo. We however identified barriers to interventional research in organ 
donors and this has since then contributed to important discussions among groups of ethicists 
and investigators in the country.  
 




What is the clinical presentation of brain death in potential donors? 
In order to evaluate the efficacy of routine and novel therapies in organ donor care, future 
research should first aim at better characterizing the clinical presentation, the pathophysiology 
and the consequences of brain death in human donors. Up to now, some therapies, such as 
hormone replacement therapies or corticosteroids, have been used and others, such as inotropes, 
have been avoided based on animal model inferences. However, observational research in 
humans have demonstrated important variation between brain death presentations depending on 
clinical causes of death. Given the normal serum concentrations of anterior pituitary hormones 
in neurologically deceased humans, we can clearly raise doubts concerning the efficacy of 
hormone replacement therapy. In a multicenter retrospective cohort of neurologically deceased 
donors, we have observed that some donors feature up to five events of increased blood pressure 
and heart rate corresponding to an episode of autonomic storm.86 However, no clear definition 
exists for the autonomic storm, and this limits the possibility of pursuing research in the field. 
One priority would be to explore different potential definitions of the autonomic storm based on 
clinical opinions and physiologic consequences. Then, if the autonomic storm proves to have 
direct consequences on organ function, particularly on heart function, strategies to counteract or 
prevent its effect should be studied. For now, only one retrospective study has evaluated the 
effect of pharmacological therapies on the autonomic storm, but its results are very limited. We 
have explored the effect of the use of beta blockers on heart dysfunction in a preliminary 
retrospective study. Results of this study are still underway.  
 
What is the frequency of RV dysfunction in donors and can it be prevented? 
Several studies have described the frequency of LV dysfunction in potential heart organ donors 
as well as its possible pathophysiology related to the autonomic storm. Our study was the first 
to describe RV dysfunction in this population. The result of our retrospective study should be 
confirmed in a multicentered prospective observational trial. This future study should aim not 
only at describing the incidence of RV dysfunction, but also at identifying its predictors. In order 
to accomplish this, subjects should be monitored to measure pulmonary pressure, potentially 
with invasive devices such as a pulmonary artery catheter. Then, serial echocardiography could 
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characterize the evolution of RV dysfunction. Following this observational step, preventive 
therapies should be studied. Potentially promising pharmacological therapies could include beta 
blockers, inhaled milrinone, epoprostenol, nitric oxide, or diuretics. 
 




In order to answer this question, multicentre definitive RCTs evaluating each of the hormone 
therapy taken independently and compared to placebo are needed.  Prior to conducting these 
trials, systematic reviews have been published by our group and a national prospective cohort 
on consented organ donors has been submitted for publication.330 This study will permit to 
describe current practices in the country, to assess the effectiveness of interventions and to build 
a platform for future trials.330    As discussed previously,  conducting clinical research in organ 
donors bears its load of significant ethical questions. No Canadian consent model exists at the 
actual time. An initiative was recently undertaken by a Canadian group including ethicists, 
investigators and patients to determine the ethical conditions to consent donors and recipients 
to research in organ donation. Future trials will depend on the decisions and work of this team.  
In the meantime, the vast majority of international guidelines recommend the use of hormone 
therapy bundle or of its components. Although not supported by high quality evidence these 




Organ donation is the only salvation for many patients on the organ transplant waiting 
list. Although the capacity of transplanting viable organs in recipients has significantly 
improved over time, the gap between the offer and the demand is still growing. Different 
modalities to improve the quality and quantity of organs include a better identification of 
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potential donors, the optimization of consent to donation and the improvement in the quality of 
available organs.  
In this thesis we have shown that the actual pathophysiological and pharmacological 
bases for the management of neurologically donors lie on animal models and observational 
trials.  We have observed high variability in international guidelines recommendations and in 
self-perceived medical practices in Canada, and we have postulated that they are caused by the 
lack of rigorous methodology in the guidelines’ elaboration and the paucity of high evidence 
literature in the field. We have demonstrated that potential heart donors often present with right 
heart dysfunction, which has never been reported before.   We therefore raise the concern that 
the extrapolation of brain death pathophysiology from animal models may not represent 
faithfully the clinical presentation of neurologically deceased donors. We propose that the actual 
standard pharmacological treatment for the hemodynamic care of organ donor be reassessed in 
multicentre randomized controlled trials comparing individual treatments to placebo. As a first 
step, we conducted a pilot trial randomized controlled trial where organ donors were 
administered levothyroxine or placebo. This trial was stopped prematurely because of slow 
recruitment, but permitted to identify important barriers to clinical research in organ donation, 














Interrater reliability of the AGREE-II instrument on the 26 included guidelines of the systematic 
review 
 
Guideline Mean Item score Scaled domain score (%) ICC (average of raters) 
Domain 1 : Scope and purpose  
Ireland, 2019 1. 6.00 86.1 ND 
2. 6.00 
3. 6.50 
India, 2017 1. 7.00 100 ND  
2. 7.00 
3. 7.00 
Australia, 2016 1.  5.50 75.0 0.44 
2.  5.00 
3  7.75 
Austria, 2016 1. 3.25 55.6 0.81 
2. 4.25 
3. 5.50 
Germany, 2016 1. 1.75 43.1 0.77 
2. 4.25 
3. 4.75 
Norway, 2016 1. 5.75 76.4 ND 
2. 5.50 
3. 5.50 
Denmark, 2015 1.  5.50 69.4 0.69 
2.  5.25 
3.  5.75 
Europe, 2015 1.  5.00 52.7 0.75 
2.  3.50 
3.  4.00 
USA, 2015 1. 6.25 87.5 ND 
2. 6.25 
3. 6.25 
Iran, 2014 1. 5.25 57.7 0.47 
2. 4.50 
3.  3.00 
Switzerland, 2014 1. 7.00 97.2 ND 
2. 7.00 
3. 6.50 
Oceania, 2013 1.  6.50 93.1 ND 
2.  6.50 
3.  6.75 
Hungary, 2013 1. 2.25 41.7 0.77 
2. 3.25 
3. 5.00 
Brazil, 2011 1.  6.00 65.5 0.89 
2.  5.50 
3.  5.25 
Canada (Bourret), 2010 1.  3.00 36.1 ND 
2.  3.00 
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3.  3.50 
Chile, 2010 1. 3.75 54.2 ND 
2. 4.25 
3. 3.25 
Canada (Trilium), 2010 1.  4.25 54.2 0.75 
2.  3.00 
3.  5.50 
Cuba, 2009 1.  3.25 40.3 ND 
2.  3.50 
3.  3.50 
Australasia, 2008 1. 4.25 61.1 ND 
2. 4.75 
3.  5.00 
Canada, 2006 1. 6.00 84.7 ND 
2. 6.00 
3. 6.25 
France, 2005 1. 5.25 55.6 0.65 
2. 3.00 
3. 4.00 
United Kingdom, 2005 1. 5.50 73.6 0.83 
2. 4.50 
3. 6.25 
USA, 2004 1. 2.00 18.1 ND 
2. 2.00 
3. 2.25 
Slovenia, 2003 1. 3.50 79.2 0.75 
2. 4.25 
3. 5.00 
USA, 1993 1. 1.50 20.8 0.06 
2. 2.75 
3. 2.50 
Argentina, ? 1.  3.75 59.7 0.72 
2.  4.50 
3.  5.50 
Spain, ? 1. 4.50 62.5 0.82 
2. 5.25 
3. 5.50 
Domain 2 : Stakeholder involvment 
Ireland, 2019 4. 2.00 29.2 0.99 
5. 1.00 
6. 5.50 
India, 2017 4. 2.75 22.2 0.89 
5. 1.00 
6. 3.50 
Australia, 2016 4. 1.50 29.1 0.97 
5. 1.50 
6. 5.25 
Austria, 2016 4. 1.75 48.6 0.70 
5. 1.00 
6. 2.25 





Norway, 2016 4. 5.00 47.2 0.99 
5. 1.00 
6. 5.50 
Denmark, 2015 4. 2.25 27.8 0.87 
5. 1.50 
6. 4.25 
Europe, 2015 4.  1.75 16.7 0.75 
5.  1.75 
6.  2.75 
USA, 2015 4. 4.25 52.8 0.93 
5. 1.50 
6. 6.00 
Iran, 2014 4.  1.75 12.5 0.89 
5.  1.75 
6.  2.50 
Switzerland, 2014 4. 2.00 20.8 0.66 
5. 1.25 
6. 3.50 
Oceania, 2013 4. 2.75 48.6 0.87 
5. 3.00 
6. 6.00 
Hungary, 2013 4.  1.25 9.7 0.75 
5.  1.25 
6.  2.25 
Brazil, 2011 4.  3.25 40.3 0.89 
5.  2.25 
6.  4.75 
Canada (Bourret), 2010 4.  2.25 26.4 0.74 
5.  1.50 
6.  4.25 
Chile, 2010 4. 6.25 56.9 0.86 
5. 2.50 
6. 6.00 
Canada (Trilium), 2010 4.  1.00 16.7 0.96 
5.  1.00 
6.  4.00 
Cuba, 2009 4. 1.00 4.2 0.89 
5.  1.00 
6.  1.75 
Australasia, 2008 4.  4.00 37.7 0.77 
5.  2.00 
6.  3.75 
Canada, 2006 4. 5.75 69.4 0.73 
5. 3.75 
6. 6.00 
France, 2005 4. 2.75 18.1 0.59 
5. 1.00 
6. 2.50 





USA, 2004 4. 4.00 41.7 0.84 
5. 1.25 
6. 5.25 
Slovenia, 2003 4. 1.50 11.1 0.92 
5. 1.25 
6. 2.25 
USA, 1993 4. 2.50 20.8 0.79 
5. 1.25 
6. 3.25 
Argentina, ? 4.  1.75 2.5 0.85 
5.  1.50 
6.  4.25 
Spain, ? 4. 1.25 22.2 0.21 
5. 1.00 
6. 2.00 
Domain 3 : Rigour of development 


























































Europe, 2015 7. 1.00 8.9 0.49 
8. 1.00 














Iran, 2014 7.  1.50 7.3 0.70 
8.  1.00 
















Oceania, 2013 7. 2.25 39.1 0.76 
8.  1.50 
9.  3.00 





Hungary, 2013 7. 1.00 6.3 0.56 
8.  1.25 














Canada (Bourret), 2010 7.  1.25 6.3 ND 
8.  1.25 






















Cuba, 2009 7. 1.25 7.8 0.57 
8.  1.25 
9.  1.25 
10.  2.00 
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11.  2.00 
12. 1.75 
13.  1.00 
14.  1.25 
Australasia, 2008 7.  1.50 27.1 0.53 
8.  1.25 
9.  3.25 
10. 2.50 
11. 3.00 
12.  3.75 
13. 3.75 
14. 2.00 
































Slovenia, 2003 7.  1.25 9.9 0.80 
8.  1.00 
9.  1.25 
10.  1.25 
11.  2.75 
12.  2.75 
13.  1.50 
14.  1.25 
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Argentina, ? 7.  1.50 15.6 0.46 
8.  1.00 




13.  1.25 
14. 1.75 








Domain 4 : Clarity of presentation 
Ireland, 2019 15. 4.50 65.3 ND 
16. 5.25 
17. 5.00 
India, 2017 15. 6.00 83.3 ND 
16. 5.75 
17. 6.50 
Australia, 2016 15. 4.50 61.1 0.67 
16. 4.50 
17. 5.00 
Austria, 2016 15. 3.50 40.3 ND 
16. 3.75 
17. 3.00 
Germany, 2016 15. 3.00 41.7 0.09 
16. 2.75 
17. 4.75 
Norway, 2016 15. 2.25 41.7 ND 
16. 2.75 
17. 4.00 
Denmark, 2015 15. 4.00 48.6 0.63 
16. 4.50 
17. 3.25 
Europe, 2015 15. 3.25 40.3 ND 
16. 3.25 
17. 3.75 





Iran, 2014 15. 3.50 43.1 0.70 
16. 3.00 
17. 4.25 
Switzerland, 2014 15. 5.25 70.8 ND 
16. 5.00 
17. 5.50 
Oceania, 2013 15. 4.00 61.1 0.70 
16. 4.75 
17. 5.25 
Hungary, 2013 15. 4.00 44.4 ND 
16. 3.25 
17. 3.75 
Brazil, 2011 15. 6.00 79.2 ND 
16. 5.50 
17. 5.75 
Canada (Bourret), 2010 15. 5.00 58.3 0.49 
16. 3.25 
17. 5.25 
Chile, 2010 15. 5.00 70.8 0.89 
16. 5.00 
17. 5.75 
Canada (Trilium), 2010 15. 4.50 59.7 ND 
16. 4.50  
17. 4.75 
Cuba, 2009 15. 3.25 36.1 0.49 
16. 2.50 
17. 3.75 
Australasia, 2008 15. 4.50 63.9 ND 
16. 4.75 
17. 5.25 
Canada, 2006 15. 5.75 84.7 ND 
16. 6.25 
17. 6.25 
France, 2005 15. 2.75 30.6 ND 
16. 3.25 
17. 2.50 
United Kingdom, 2005 15. 4.00 48.6 ND 
16. 3.75 
17. 4.00 
USA, 2004 15. 4.50 59.7 ND 
16. 4.25 
17. 5.00 
Slovenia, 2003 15. 4.25 52.8 ND 
16. 3.50 
17. 4.75 
USA, 1993 15. 2.25 25.0 ND 
16. 2.25 
17. 2.00 
Argentina, ? 15. 3.50 72.2 0.95 
16. 4.50 
17. 5.50 





Domain 5 : Applicability 
















































































































Domain 6 : Editorial independence 
Ireland, 2019 22. 1.75 5.4 ND 
23. 1.00 
India, 2017 22. 7.00 100 ND 
23. 7.00 
Australia, 2016 22. 3.50 28.6 ND  
23. 2.75 
Austria, 2016 22. 2.25 8.9 0.64 
23. 1.00 
Germany, 2016 22. 1.75 5.4 ND 
23. 1.00 
Norway, 2016 22. 2.50 10.7 0.67 
23. 1.00 
Denmark, 2015 22. 1.25 3.6 ND 
23. 1.25 
Europe, 2015 22. 2.75 12.5 ND 
23. 1.00 
USA, 2015 22. 5.25 71.4 0.67 
23. 6.75 
Iran, 2014 22. 1.25 3.6 ND 
23. 1.25 
Switzerland, 2014 22. 1.25 1.8 ND 
23. 1.00 
Oceania, 2013 22. 2.50 12.5 0.32 
23. 1.25 
Hungary, 2013 22. 2.00 8.9 ND 
23. 1.25 
Brazil, 2011 22. 3.50 19.6 0.85 
23. 2.25 
Canada (Bourret), 2010 22. 1.50 5.4 ND  
23. 1.25 
Chile, 2010 22. 1.75 10.7 ND 
23. 1.75 
Cuba, 2009 22. 2.50 10.7 0.67 
23. 1.00 
Australasia, 2008 22. 2.25 10.7 ND no correlation 
23. 1.25 
Canada, 2006 22. 3.75 48.2 0.75 
23. 5.00 
France, 2005 22. 1.50 14.3 ND 
23. 2.50 
United Kingdom, 2005 22. 2.00 19.6 ND 
23. 2.50 




Slovenia, 2003 22. 2.00 8.9 ND 
23. 1.25 
USA, 1993 22. 2.00 7.1 ND 
23. 1.00 
Argentina, ? 22. 4.00 21.4 0.87 
23. 1.00 
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